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INTRODUCTION 
The r o o t - k n o t nematodes (Meloidocyne i i p e c i e s ) a t t a c k 
s e v e r a l k i n d s of c r o p s a l l o v e r t h e world and c a u s e enorinous 
c r o p damages ( S a s s e r , 1 9 8 0 ) . The a t t a c k e d p l a n t s d e v e l o p g a l l s 
on t h e r o o t s due t o h y p e r t r o p i c and h y p e r p l a s t i c a c t i v i t i e s of 
t h e r o o t t i s s u e s u n d e r t he i n f l u e n c e of t h e s e d e n t a r y female 
n e m a t o d e s . A number of c e l l s of t h e r o o t a r o u n d t h e female 
neck and head become m u l t i n u c l e a t e d and have i r r e g u l a r l y 
t h i c k e n e d w a l l . They a r e known a s g i a n t c e l l s . They number 
6 t o 12 a round a s i n g l e female neck and f u n c t i o n a s t r a n s f e r 
c e l l s ( Jones & N o r t h c o t e , 1 9 7 2 b ) . The s e d e n t a r y nematodes i n 
t h e r o o t o b t a i n e d t h e i r n u t r i t i o n from them. 
R o o t - k n o t nematodes b r i n g a b o u t e x t e n s i v e a l t e r a t i o n i n 
t h e v a s c u l a r t i s s u e of t h e p l a n t and a b s o r p t i o n rni s u p p l y of 
w a t e r and n u t r i e n t a r e ' ; r e a t l y i m p a i r e d . The o i o c h e m i c a l changes 
i nduced by t h e nematode i n t h e h o s t a n ' a l t e r e d p h y s i o l o g y due 
t o t h e a n a t o m i c a l t r a n s f o r m a t i o n s a r e ma in ly r e s p o n s i b l e f o r 
s u p p r e s s e d p l a n t growth and d e f i c i e n c y symptoms a p p e a r i n g on 
t h e l e a v e s (Hussey, 1 9 8 5 ) . 
The second stf ige j u v e n i l e s of t h e nematodes a r e i n f e c t i n g 
s t a g e . The J u v e n i l e s a f t e r p e n e t r a t i o n move t h r o u g h t h e c o r t e x 
i n t e r - , anii i n c r ' t - c e l l u l ' t r l y and r e a c h t o a f a v o u r a b l e p o s i t i o n , 
u s u a l l y CIJ.;- .- to th'.' i "? iU( 'vcie . The f ema les become scKjcnte 
and s e a e n t a r y and a r e ma in ly r e s p o n s i b l e f o r p a t h o g e n i c damages 
caused to host p l a n t s . The paras i t i sm of the root-knot 
nematodes from t h e i r penetra t ion to the successful e s t a b l i s h -
ment of host pa r a s i t e - re la t ionsh ip is influenced by a number 
of factors and ref lec ted in the resu l t ing damages to host 
p l a n t s . Root-knot nematodes a lso in te rac t v/ith a number of 
fungal and b a c t e r i a l plant pathogens and together cause 
synerg is t i c suppression of plant growth and the fungal or 
b a c t e r i a l diseases assume g rea te r sever i ty (Powell, 1971, 1979; 
Khan, 1984), Root-knot nematodes and nodule-forming bac ter ia 
a lso develop re la t ionsh ip on leguminous p l a n t s . The concurrent 
nematode infec t ion reduces the t o t a l benefi t from the ni t rogen-
fixing bac t e r i a . This in t e rac t ion is a lso affected by 
environmental factors (Dropkin, 1980). 
Environmental po l lu t ion adversely af fec ts human beings, 
p lants and microbes in various ecosystems. Since the attainment 
of independence, India has made commendable technolor^ical, 
i ndus t r i a l and a g r i c u l t u r a l advancements accompanied with fas t 
urbanizat ion. A large number of indust r ies re lease harmful 
toxic gases and chemicals which are pol lu t ing a i r , s o i l and 
water. The toxic substances responsible for po l lu t ion are 
termed as " p o l l u a n t s " . The po l lu tan t s responsible for a i r 
po l lu t ion are termed as a i r p o l l u t a n t s . SO2. GO, CO ,^ NH,, 
HF, NOx e t c , are main primary a i r po l lu tan t s which or ig ina te 
d i r ec t ly from the sources. Some a i r po l lu tan t s l i ke 0^ and PAN 
are produced by react ions between the a i r po l lu tan t s emanated 
directly from the sources. Some air pollutants such as SOp and 
NOx etc. are converted into acid after the contact with moisture 
of the atmosphere. This acid when precipitated, comes down to 
earth and is said to be 'acid rain'. 
The plants are affected by air pollutants directly or 
indirectly. Since the plants derive more than 9096 of their 
weight from the atmosphere, the quality of air is very signifi-
cant for their growth and productivity. The impacts of air 
pollutants on crop plants are now being realized in different 
parts of the world (Heck £t_ al., 1986). Gaseous air pollutants 
enter the leaves through stomata by absorption and adsorption 
and cause various kinds of injuries on plants which is eventually 
reflected in their gro'^ rth and productivity. The particulate air 
pollutants like soil dust, coal dust, cement dust, flyash etc. 
mostly fall and deposit on the leaf surface forming a thin layer 
which may block the stomatal cavities.. This hampers transpiration 
and checks transmission of solar radiation (Darley, 1966). Air 
pollutants induced visible symptoms like chlorosis^ necrosis, 
early senescsnce, stunting etc. result from altered physiology 
and biochemistry of the plants (Heagle, 1973). 
Like several other atmospheric factors, the diseases 
caused by biotic pathogen are also influenced by specific air 
pollutants or their mixtures (Healge, 1973, 1982). Their effect 
has been demonstrated on a number of fungal, bacterial and viral 
diseases of plants in ambient condition or in artificial treatment 
conditions (Treshow, 1965; Heagie, 1973, 1982). Some effects on 
diseases caused by nematodes have also been shown (Weber e;t_ a]^., 
1979; Shew et. al., 1982; Bisessar and Palmer, 1984). 
The impact of air pollutants on plant parasitic nematodes 
and resultant effect on the parasitized crop have received, 
however, relatively little study. The damages caused by root-
knot nematodes to host crops growing under air pollution stress 
have not been adequatily assessed.• The available information is 
too meagre to make generalizations. The main objective of the 
proposed study is to assess the impact of root-knot nematode on 
air pollution stressed crop plants. The study is proposed to 
be conducted in artificial treatment conditions in glasshouse 
selecting two important leguminous crops - pea and soybean. 
The impact would be assessed by using plant growth, flowering, 
fruiting, productivity, leaf pigment content, protein content 
of seeds, as parameters. The impact of this interacting three 
component system - nematode, air pollutant, host, on the biology 
of the nematodes and root nodule bacteria will also be 
determined. 
In the proposed programme for Ph.D., the following aspects 
will be studied: 
1. Effect of 30 , 0^, 30-0^ mixture and flyash on plant grov/th, 
flowering, fruiting, productivity (crop yield), leaf pigments, 
protein content and oil content (soybean) of seeds of 
pea and soybean. 
2. Effect of root-lmot nematode on plant growth, flowering, 
fruiting, productivity (crop yield), leaf pigments, protein 
content of seeds, and oil content (soybean) of seeds of 
pea and soybean. 
3. Effect of SOg, 0^, 302-0_^  mixture and flyash and root-knot 
nematode, M-. jayanica or M. incognita race 1 or 2 on the 
parameters of pea and soybean mentioned in 1 and 2. 
4. Effects of S>0^, 0,, ^Op-O^ mixture and flyash on growth 
of M. jayanica or H. incognita on soybean and pea and 
resulting root galling, egg mass production, fecundity and 
morphom.etries of females. 
5. Effects of 30p, 0^, SOp-O, mixtures and flyash on root 
nodule bacteria on soybean and pea. 
The flyash obtained from thermal power plant would 
be added to field soil in different ratios. 
LITERATURE REVIEW 
Pollution is defined as the addition of extraneous 
constituents to water, air or land which adversely affect the 
natural quality of the environment. Such alternations of the 
environment cause changes directly or indirectly, in the 
energy patterns, radiation levels, chemical and physical 
constitutions and abundance of organisms. The air pollutants 
are mixture of chemicals in an atmosphere surrounding the urban 
and industrial regions of the world. Many chemical substances 
are toxic to plants. Gaseous chemicals like ozone (0,), 
sulphur dioxide (S0„), oxides of nitrogen (NOx) etc. are some 
of the toxic chemical substances which are harmful to plants. 
0^ alone or in combination with SO^ and/or NO^, is responsible 
for upto 9d%, of the crop losses in some cases (Heck _et_ al.., 1982), 
According to Wood (1958) air pollutants that cause diseases in 
plants are known as pathogens. Air pollutants influence the 
growth and yield of economically important plants. In many 
instances, remarkable reduction occurrs due to these air 
pollutants (Darley and Middleton, 1966; Heggestad, 1968; Smith, 
1968; Hepting, 1968). Thus susceptibility of plants to biotic 
pathogen like fungi, bacteria etc. are - supposed to be decreased 
or increased (Heagle, 1973). 
Basically air pollutants are classified in two types on 
the basis of their origin, primary pollutants and secondary 
pollutants (Wood, 1968), The pollutants that originate directly 
from the source and are toxic to plants are the primary pollutants. 
They may be gaseous and particulate on the basis of their forms. 
Some of the gaseous pollutants are sulphur dioxide (SOp), 
oxides of nitrogen (NOx), hydrogen fluoride (HF), carbon 
monoxide (CO) and ammonia (NH,) etc. The particulate air 
pollutants are coal dust, cement dust, brick kiln dust, flyash, 
soil dust, suspended particulate matter (SPM) etc. Secondary 
air pollutants are formed through reactions taking place between 
the primary pollutants. Ozone (O^), peroxyacetyl nitrate (PAN)etc, 
are secondary air pollutants. NOx and SOp released into the 
atmosphere when come in contact with water and atmospheric 
precipitation are converted into the acid and fall down. This 
is called as " acid rain" (Likens and Hermann, 1974). The acid 
rain pollution problem is more acute and severe in developed 
countries than the developing countries. Particulate air 
pollutants are major problem for the developing countries. 
Das (1986) reported that in India, Z40-44% of air pollutants are 
particulate type. 
Impact of air pollutants on plants 
Although Cameron (1974) was first to recognise diseases 
in plants caused by factory smoke coming out from burning of 
gases, the study of plant diseases caused by air pollution did 
not begin prior to 1940s. Chlorosis, necrosis, early senscence, 
stunting etc., are some of the visible symptoms caused by air 
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pollutants. The genetics of the plant, type of air pollutant, 
its level and duration of exposure, and other environmental 
factors determine the extent and nature of injury or damage to 
plants, as in the pathogenic diseases (Quderian et al., 1960), 
The symptoms and deleterious effects on plants results from 
the alteration in physiology and biochemistry of plants 
(Darley and Middleton, 1966; Brandt and Heck, 1968b; Barret and 
Benedict, 1970). 
Gaseous air pollutants (Primary type) 
Sulphur dioxide (S02) 
The sulphur dioxide also called as 'Los Angeles Smog' 
is an important gaseous air pollutant. It has been known to 
cause injury to plants more than 100 years. According to Wood 
(1968), the principal sources of this air pollutant are as 
follows : 
1. Combustion of coal (S02 is 6% of total). 
2. Processing, production, refining and utilization 
of petroleums and natural gas (nearly 20.7%). 
3. Metallurgical processing of some metals like 
cooper, lead, sine, nickel and iron {7%). 
4. Manufacturing and industrial utilization of 
sulphuric acid (H2S0^) and sulphur. 
The important sources of 302 production are coal burning 
power plants (Wood, 1968). In recent years, there have been 
some attempts to check the re lease S02 in the atmosphere 
(Concawe, 1985). A survey made on the 302 emission from o i l 
r e f ine r i e s in Western Europe in 1982 and compared the r e s u l t 
with a s imi lar survey for 1979 showed tha t over t h i s period 
there has been 30>6 reduction in the t o t a l sulphur entering 
re f ine r i e s and UO% reduction in the amount of sulphur leaving 
the re f ine r ies in finished o i l products intended for combustion. 
World health organisat ion ('WHO) gathered data from 1973-1980 
on urban a i r po l lu t ion . I t aimed to inform government o f f i c i a l s 
and the s c i e n t i f i c community on the concentrations of the two 
a i r po l lu tan t s most commonly associated with the combustion of 
f o s s i l fue ls , namely S02 and suspended p a r t i c u l a t e matter 
(Anon. 1985). In urban areas the concentration of SO? may vary 
from 0.U5 to 0.40 ppra (Heagle, 1973). I t s concentration is 
general ly inversaly proport ional to the distance from source 
and wind voloci ty . The moterolo^Tical anci topographical conditions 
of the source are a lso important factors in determining the 
concentration of 30? a t the grovjnd leve l . Generally o02 concen-
t r a t i o n s near point sources such as coal burning power p l a n t s , 
smelters e t c . with l i t t l e ov no po l lu t ion equipments may be as 
high as 1 to 3 ppm. 
Generally S02 enters the p lan ts through stomata. Inside 
the leaves, su lphi te ions are produced when 302 reacts with 
water. 3ulphite (303) ions are transformed to sulphate (SOA) 
ions by oxidation. 3ome ions are u t i l i zed by the p lants as the 
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nutritional sulphur and converted to organic form (Thomas £t a_l., 
1944). In the excess amount, both ions (303 and 304) are toxic 
to plants. Sulphite ions are 30 times more toxic than sulphate 
ions (Thomas £t al., 1973). Haywood (1905) was the first to 
report the S02 injury in plants in U.S.A. An illustrated account 
of the symptoms induced by S02 was given in 1970 by Barett and 
iienediet (Barett and Bendict, 1970). Two general types of 
markings designated as chronic markings and acute markings appear 
on the leaves due to accumulation of sulphite ions. The accute 
injury resulting from the absorption of lethal quantity of SO? 
appears as marginal or intercoastal areas of dead tissue. These 
areas at first show a greyish green water soaked appearance but 
on drying become bleached wavy in colour. After some time these 
dead areas may fall out, leaving a ragged appearance of the leaf. 
When the major portion of the leaf is so injured, the abscission 
layer often forms at the base of petiole and the leaf is shed 
(Barett and Benedict, 1970). At low concentrations, chlorosis of 
leaves without formation of necrotic lesions appears (Darley and 
Middleton, 1966; Agrios, 1978, 1983). 
c^ xposure of pinto beans Phaseolus vulgaris and those with 
cotyledons removed immediately after germination to 0.16, 0.25 
and 0.50 ml litre"'' 30? at an identical dose (0.50 ml litre"^ h"'') 
for 4 weeks, reduced leaf area, shoot and root dry weight and 
increased shoot and root ratios and specific leaf areas in all 
exposed plants (Temple £t a_l., 1987). As 30? enters through 
stomata, day time exposures cause injury to plants as the stomata 
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of most of the plants remains closed during the night time 
(ifetz, 1939; Thomas, 1951). Stomata also remain closed in 
moisture stressed condition. Plants with closed stomata accor-
dingly show sensitivity to S02. Elevated S02 concentrations 
caused decrease in buffering capacity and increase the total 
sulphur content and injury of wheat leaves (Bytnerowicz et al.. 
1987). 
Low concentrations of S02 reduces the net photosynthesis 
in plants. However, short and long exposure durations increase 
the rates of transpiration and dark respiration (Black and 
Unsworth, 1979; Mc Langhlim et. al., 1979; Tokomoto and Noble, 
1982; Saxe, 1983a and 1983b), Some workers have studied impacts 
of SO? on the enzyme systems and metabolic processes. Changes 
in the activities of many enzymes have been observed. The plant 
species, plant age and environment are some of determinants of 
the effect of 302 concentration on enzyme activities. In some 
cases, the enzyme activity is decreased by exposure of the plants 
to high levels of 302 and increased by lower concentrations 
(Horsman and '.Vellburn, 1977; ^ oldatimi and Ziegler, 1979; Wyss 
and hrunold, 1980; Pierre and Queiroz, 1982; Tanaka et al., 1982). 
The phosphorus metabolism is stimulated by 302 (Plesnicar, 1983) 
and foliar chlorophyll content decreased (Panday and Rao, 1978; 
Lauenroth and Dodd, 1981), Carbohydrate levels are increased 
by low concentration of 302 and reduced by higher concentrations 
(Koziol and Jardon, 1978). 
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The growth, development and product iv i ty of the p lants 
are affected s ign i f i can t ly by S02. In open top polythene 
chambers, when wheat p lants were exposed with 0.8 ppm of S02 two 
hours dai ly for 60 days, although there was no appearance of 
chlorosis or necrosis a t any stage of the growth, reduction in 
root and shoot length, number and area of leaves per p lant , 
blomass, number of grains per spike occurred (Pandey and Rao, 
1978). When seedlings of Pinus densi f lora , P. thunbergi and 
Larix l ep t o l e r i s were exposed to 302 a t 0 .5 , 1.0 and 1.5 ppm for 
AO h in a controlled environment r e l a t i ve growth r a t e , and 
diameter growth, tolerance to 302 60 days a f t e r treatment varied 
in the following order: P. thunbergi i - most t o l e r a n t , 
£• densif lora and Larix l e p t o l e r i s - l eas t t o l e r a n t . On the 
basis of height and growth response the order of 302 tolerance 
was; P. densi f lora , P. thunbergi i and L. l e p t o l e r i s (Tsukahara, 
e t a_l., 1966). In potato (Solanum tuberosum cv. Kufrilalima) 
the effects of 302 have been studied on growth, chlorophyll 
content of leaves and yie ld . Various grov/th parameters were 
decreased s ign i f i can t ly when plants of potato were exposed to 
0.25 and 0.5 ppm of S02 (Kumar and Yadav, 1988). Necrotic 
lesions were formed on the middle and lower leaves of Vigna 
s inensis exposed to 0.?5 and 0.5 ppm of 302. A s l i g h t s t imula-
t ion in plant height, root and shoot length was observed in 
0.12 ppm (Kumar and Singh, 1987). Lockyer and Cowling (1981) 
showed tha t if a l fa l fa p lants exposed continuously to 0.036 ppm 
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concentration of S02 then biomass of plant was reported to be 
increased slightly. Reduction in the yield of soybean plants 
occurred when exposed in a fumigation chamber by 0.09-0.79 ppm 
concentration of S02, but visible symptoms did not develop 
(Sprugel e;t^  al. f 1980). Tomato plants exposed to 0.12 ppm 
concentration of S02 for 72 h per week for 5 or 10 weeks showed 
decreases in ascorbic acid content slightly, decreases, other-
wise no effects were noticed on fruit yield and other soluble 
and total solid contents (Lotstein et_ al.., 1983). Tobacco plants 
were found more tolerant than cucumber at 0.02 ppm concentration 
of S02 applied continuously for 4 weelcs. Shoots of the plants 
were less affected than roots. Reduction in flov/ering were also 
noticed (Mejestrik, 1980). The influence of the 7°C: range of 
air temperature on plants response to S02 was investigated in 
herbaceous (Zea mays) and woody Liriodendron tulip ifera and 
Fraxinus panssy (vanica) species. The foliar sulphur were 
increased 20 to ^O/a. The transpiration ratio and photosynthesis 
were more responsive to 302 at the higher temperature in both 
woody species but less responsive in Z. mays (Taylor et al. ,1985). 
Mlshra (1980) observed reduction in primary productivity 
and necrotic lesions at 0.25 ppm concentration and above in 
groundnut (Arachis hypogea) if exposed to the range of 0,06 to 
1.00 ppm 302 and above for 4 h daily for 6 weeks. The plant 
productivity was slightly benefited when concentration of S02 
was below 0.25 ppm. Sulphur content of the plants increased while 
nitrogen and phosphorus contents decreased with increasing S02 
concentrations 
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Khan (1S89) found browning and chlorosis in the leaves 
of eggplant, tomato and okra induced by the S02 specially 
at 0,2 ppm, S02 caused significant reductions in growth, yield 
and leaf pigment content of tomato. 
Singh (1989) found inhibition in seed germination of chick 
pea and lentil by exposures of pots sown with seeds to S02. The 
exposures also caused post-emergence mortality of the seedlings. 
0,1 ppm of 502^however, did not cause inhibition of seed germi-
nation in lentil. S02 (0.1 and 0,2 ppm) caused reductions in 
plant growth (length, fresh and dry weights of shoot and root), 
yield (flowering and fruiting), leaf pigments and seed protein 
of chick-pea and lentil in artificial exposures. 
Oxides of Nitrogen (NOx): 
The oxides of nitrogen such as nitric oxide (NO), 
niti-X)gen dioxide (N02) and nitrogen trioxide (N204) etc. are 
primary pollutants. They are produced by high temperature 
combustion, when the oxygen and nitrogen react in the air. 
Generally the oxides of nitrogen are produced during the follow-
ing processings : 
i) 'Jasoline combustion in automobiles, diesel railway 
engines and aeroplanes 
ii) In the process of refining of petroleum 
iii) Combustion of natural gas and coal 
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iv) Inceneration of organic wastes 
v) during the Chamber's process of manufacturing of 
H2S04 and nitric acid 
vi) during the manufacturing of paints, roofings, rubber, 
soap and nylon intermediates 
One of the major sources of NOx is the combustion of 
petroleum products. During the process NO is oxidised to N02 
(Benedict and Breen, 1955b? Agrios, 1978). N02 affects vegeta-
tion adversally reducing photosynthetic rate, growth rate and 
fr^it yields. Leaves are more sensitive to N02, From the 
leaves, the N02 derived nitrogen is translocated to all parts 
of plant (Sinn e_t al_., 1984). Visible symptoms are not formed 
by NO on plants (Taylor and MaClean, 1970). High concentrations 
of N02 produce acute foliar symptoms on the plants. Water soaked 
lesions develop on the leaves and are followed by rapid tissue 
collapse. The lesions may extend throughout the leaf to form 
white to tan or brown coloured irregular necrotic patches. The 
interveinal lesions along the margin of the leaf at the apex 
become more prominent (Benedict and Breen, 1955a and 1955b; 
Mlddleton e_t a].., 1958; Taylor and Eator, 1966; MaClean £t ail., 
1968). High concentrations of N02 also causes abscission of 
leaves (MaClean e_t a].., 1968). When the plants of soybean 
(Glycine max) were treated with a herbicide, it was found that 
the NO and NO? were produced within the leaves and released into 
the surrounding atmosphere. The gaseous products were thought 
t o be due the reac t ion between the herbicide caused free n i t r i c 
acid accumulation and plant metabol i tes . I t was a lso observed 
tha t emission of NO and N02 were proport ional to the amount of 
herbicide used (Klepper, 1979). The sever i ty of injury to 
p lan t s depends upon the N02 concentration and the duration of 
exposure. In case of the high concentration exposures, there 
i s no re la t ionsh ip between time and concentrat ions, except 
within very narrow ranges. The duration of the exposure Influences 
the extent of injury less than the concentrations of N02 
(MaClean £ t a_l., 1968). The concentrations of N02 less than 
1 ppm can even affect the p lant in the ambient conditions 
(Taylor and Eaton, 1966). But in case of beans, i t was observed 
tha t N02 a t 0.097 ppm, 0.15? ppm or 0.j52 5 ppm were not ef fec t ive 
s ign i f i can t ly in ambient a i r (Rogers _et a_l., 1979). There are 
reports tha t the nitrogen derived from NO? is absorbed by the 
exposed plants and t ranslocated through the p lan t t i s sues and 
metabolized into amino acidG, p ro te ins , nucleic acids and some 
l i p id s (Matsuraaru £^ al . . , 1979; '"^oger ejt a l . . , 1979; Yoneyama 
e t a l . . 1980). There are ample evidences to show tha t the 
photosynthetic ra te in most of the plants i s reduced by N02 
(Hil l and Bennett, 1970; Bull and Mansfield, 1974). 
Fluorides 
Fluoride containing compounds l ike hydrogen fluoride (HF), 
s i l i con t e t r a f luo r ide (SIF4) are important po l lu tan t s of a i r 
(Heagle, 1973). Fluoride is wide spread in the e a r t h ' s crust 
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as a natural compound of soil, rocks and minerals (Maclntire, 
1945). When these materials are subjected to high temperature, 
fluoride may be released. Important sources of air pollutant 
containing fluoride are released from the following sources 
(Trshow and Pack, 1970; Heagle, 1973). 
1. Aluminium reduction process 
2. Phosphate fertilizer and steel manufacturing 
industries 
3. Ceramic industries 
4. Refineries 
3. Rocket fuel combustion 
Major part of the fluoride is produced from aluminium 
reduction process. It is toxic to plants in much lower concen-
tration than most of the other air pollutants. Fluoride enters 
the plant leaves through stomata, passes into the intercellular 
spaces and is absorbed by the mesophyll cells of the leaves 
(Thomas and Hendricks, 1956) and are rapidly translocated to 
leaf tips and margins (Jacobson £t al., 1966). Chamel and 
Garrec (1977) reported that movement of fluorides through the 
cuticle is not an important mode of entry. The fluoride may 
move to other cells from the mesophyll. According to 
Zimmerman and Hitchcock (l956), the fluorides move to leaf tips 
and margins for the accumulation, with the help of transportation 
stream, whare the concentration of fluorides is higher several 
times than the concentration of a leaf as a whole. 
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The fluorides cause injuries to the different parts of 
plants when applied for the prolonged period at 0.5 ppm in air. 
The different types of symptoms like chlorosis and necrosis, 
occur on the leaves. Heggestead (1968) reported that fluoride 
exposure induces abscission of leaves. The petals and sepals 
of the flowers may also show necrosis due to the fluorides. 
In some cases, premature ripening of fruits is caused (Treshow 
and Pack, 1970). Jacobs on et a_l. (1966) reported that the 
cotton is not sensitive to fluorides even at the concentration 
of AOOO ppm and no injury was recorded. But in case of gladiolus, 
succeptibility is recorded even at 20 ppm. 
Ammonia (MH3) 
Anhydrous ammonia is reported to release ammonia in the 
field when it is used as fertilizer, and causes injury to plants 
in fields. Generally ammonia originates from the following 
sources: 
1. From ammonia f e r t i l i z e r s 
2. b r ick kiln p lants 
5. Ceramic and pottery industries 
4, Refineries 
5. Cooling plants in cold stores 
In the leaves, acute tissue collapse io caused by NH3 
with or without subsequent loss of chlorophyll. Necrotic spots 
along the leaf margins develop in some sensitive weed species. 
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Extensive and wide spread injury of plants within 1-2 miles of 
ammpnia spill was observed. Several other plant species showed 
blackended tissue at a distance upto a mile from the spill. 
Complete collapse of leaf tissues is reported to occur near the 
source of NH3. On the upper surface, some plants showed glazing 
with or without necrotic spots (Benedict and Breen, 1955a; 1955b). 
Brennan et_ al.. (1962) reported that peaches became black coloured 
at a concentration of 400 ppm. Exposure of NH3 at AO ppm concen-
tration for an hour was observed to cause significant injuries 
in black wheat, coleus, sunflower and tomato foliage (Thornton 
and Setterstron, 1940). 
Khan (1989) reported that NI-I3 caused browning of leaf 
margins of eggplant, tomato and okra. NH3 at 0.1 ppm was 
slightly beneficial for tomato growth. Reduction caused by 0.2 
ppm NH3 were not sit^nificant. 
Other air pollutants : 
Industrial processes especially chemical industries 
produce special air pollutant such as ethylene, chlorine and 
hydrochloric acid etc. which are toxic to plants. Due to their 
limited sources, they have received little study. They may 
originate from the different sources as follows: 
1. Chemical and plastic industries 
2. Refineries 
3. Glass making factories 
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4. Incineration, scrap burnings, accidentia! spillage 
5. Combustion of petroleum 
Ethylene (G2H4) is present in p lants in the form of 
harmone, but when present in the a i r , i t causes damage to the 
p lan ts even a t a very lov/ concentrat ion. In orchids, C2H4 is 
reported to cause injury a t 2 ppm when exposed for ?k h (Dari 
and Sons, 19A9) and carnations by 0.1 ppm for 6 hr (Darley £ t a l . , 
1966). At higher concentration, ethylene causes epinasty, 
ch loros i s , necros is , leaves and bud abciss ion and fa i lu re of 
lower buds to open. Heck et_ a_l. (1962; reported injury in 
cotton is s imi la r to injury caused in roses , cowpea and 
blackberry e t c . in the greenhouse. Cowpea, blackberry and 
roses were reported to be most sens i t ive to C2H4 (Heck ejt a l . , 
1962). Due to selected sources of chlorine, i t s e f fec ts on 
p lants are confined to limited and localized a reas . In the 
pol luted f i e ld s , chlorine causes browning and drooping of the 
leaves in sugar maple and crab maple and bleaching of under 
surface of older and middle-aged t u l i p leaves. Injury to horse 
chest nut was largely marginal. In Virginia creepers and 
blackberry i n t e r cos t a l markings appeared (Heck £t^ al_. , 1970). 
Brennad e_t al.. (1965) reported r e l a t i v e s e n s i t i v i t y of 26 p lan t s 
species to chlor ine . Chlorine is found to be less ef fec t ive in 
inducing in jur ies under low s o i l moisture (Benedict and Breen 
1955a and 1955b). Brennan £ t a]L. (1965) reported the same 
effect of moisture to a l fa l fa and radish when exposed to 0.1 ppm 
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of C12 for 2 h. Like C2H4, older leaves are more sensitive to 
C12 than the youngers. Some plants like mustard, chickweed, 
sunflower, radish and alfalfa etc. are most sensitive to G12, 
Hydrogen chloride (HCI) have not been studied sufficiently 
for its effects as air pollutants. Large quantities of HCI gas 
is found in the vicinity of rocket launching pads and chlorine 
manufacturing plants. Heck et a^ ,. (l980) reported that most 
of the test plants show similar effects like that of N02 at 
the concentrations of 5-10 ppm for 15-60 minutes. Bean leaves 
were reported to be most sensitive to HCI with their epicuticular 
wax (Swieki e_t a_l., 1982). 
Gaseous air pollutants (Secondary types) 
Ozone (03) : 
Ozone is formed through reaction between primary pollu-
tants in presence of ultravoilet light. It is a typical secondary 
pollutant of air. It is also callad as " photochemical 
pollutant" . The automobile industries and other internal 
combustion engines are probably the most important sources of 
03. The oxides of nitrogen emitted by petroleum combustion, 
reacts in presence of light with 02 to form ozone (Leighton, 
1961) as indicated in the following reactions where M is 
energy absorber : 
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0+02+^ 
03 + ^  
N02 + 
uv 
1 
0^ 
0? 
rays 
^ 
- . . , ~ : f c , 
NO + 0 
03 + M 
N02 + 02 
NO + 03 
incompletely burnt unsaturated hydrocarbons and N02 are 
released into the atmosphere by the automobile exhaust. So 
liberated N02 react with oxygen in presence of UV light and 
forms 03 and NO, But in presence of unburned hydrocarbons NO 
reacts with hydrocarbons instead of 03 and thus 03 is released 
in the atmosphere (Agrios, ^97&), Generally, the naturally 
produced 03 concentration is less than 0.03 ppm at the ground 
level. In metropliton cities, the automobile exhaust is main 
cause of high 03 concentrations in the ambient air. 
Among the secondary air pollutants 03 is most destructive 
for plants. Richards _et_ al.. (1958) repoi-ted for the first time 
specific damage on grapes caused by 03. Yield data for a crop 
within the South Coast Air Basin of California, obtained for 
the 1? year period 1964 through 1975 showed that estimates yield 
reduction due to ozone for ^'9'73 varied from 0-57/^  depending upon 
crop and location (Leung e_t a_l., 1982). 
otom'-ita are main passage for the entry in plants for 0, 
as with the other air pollutants. The palisade layer of the 
leaves is the favourite site for 0, accumulation. It causes 
discolouration and bleaching of the palisade layer cells and 
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t h e i r collapsing (Pel l , 1979). Expanding middle-aged lea 
are pr imari ly affected by 03. Ozone causes t i pp l ing , mol - -ig 
and chlorosis of the leaves, usually on the upper surface 
The colour of the symptoms depends upon s e n s i t i v i t y of tb 
p lant to 03. The colour may vary from l igh t tan to red c our 
or almost black. Leaves of some affected p lan ts l ike ci t : 3, 
grapes, pines e t c . f a l l prematurely (Darley and Middleton. 
1966; Agrios, 1978), However, various environmental factv i a lso 
determine the response of p lan t to 03. Common symptoms d t o 
ozone on the deciduous t rees , shrubs and some herbaceous p? nts 
are dot l ike coloured lesions resu l t ing from local ized th kening 
of c e l l walls (Ledbetter ejb al . . , 1959). The injury is gn. ual ly 
caused in the in te rve ina l port ions of leaves which r e s u l t s in 
angular l es ions . Generally, the veins are not affected except 
in p lants where pigment formation takes place (Heck e t a l . , l 9 7 0 ) . 
Ledbetter e_t a_l. (1959) showed tha t bleaching is exhibited on 
the upper surface of leaves as in most woody and herbaceous 
p l a n t s . The upper epidermal ce l l s collapse and become colourless 
in case of the acute i n ju r i e s . According to Heck £;t al.. (l970), 
lesions 
leaves often develop water-soaked_^followed by drying and 
bleachin.v;, r esu l t ing into necrosis on both surfaces of leaves. 
The epidermal ce l l s remain unaffected, but mesophyll and 
pal isade ce l l s are c h a r a c t e r i s t i c a l l y injured by the 03 (Pel l , 
1979). According to Hit ^ £ l . ( l96 l ) , many injured ce l l s remain 
a l ive but chloroplast is disrupted and the chlorophyll amount i s 
reduced s ign i f i can t ly . In a l f a l f a leaves 03 produces large 
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l i g h t green ch loro t ic areas with many i r r egu la r is lands dispered 
in them. In some plants leaves may drop prematurely but the 
t i s sue become uniformally chlorot ic (Ledbetter e t al . . , 1959). 
The degree of s e n s i t i v i t y of plants to 03 depends upon 
the density and type of stomata present on leaves. The suscep-
t i b l e cu l t iva r have more stomata than the r e s i s t a n t . According 
to Butler and T i b b i t t i s (1979), stomata remain open during 
exposure of 03 in suscept ible p lan ts , while in case of r e s i s t a n t 
p l an t s , stomata are closed p a r t i a l l y . Stomata of r e s i s t a n t 
cu l t iva rs of bean and onion are closed even a t the low concen-
t r a t i o n (Faensen-Thiebes, 1983; Jingle and Gebelman, 1966). 
However, no re la t ionsh ip between 03 s e n s i t i v i t y and the number 
of stomata or ra te of gaseous exchange was found in case of 
azalea, sweet corn, soybean and tobacco (Gesalman and Eavis, 
1978; Haris and Heath, 1981; Feansen-Thiebes, 1983). The 
s e n s i t i v i t y of plant to 03 is a l so influenced by environmental 
factors (Ting and Dugger J r . , 1968; Agoios, 1978). 
Ozone a l so a l t e r s the biochemistry of the leaves. Todd 
(1958) and Todd and Probst (l963) measured the effect of 03 a t 
4 ppm for 40 rain, on photosynthesis and found tha t development 
of symptoms were associated with the inh ib i t ion of CO? f ixa t ion . 
Hi l l and L i t t l e f i e l d (l969) observed decrease in photosynthesis 
a t 0.06 ppm concentration of 03 for 1 h. In case of pinto bean 
the net photosynthesis i n i t i a l l y decreased and t o t a l adenylate 
concentration increased a f t e r a 3 h exposure to injurious 
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concentration of 03 (Pell and Brennan, 1973). However, net 
photosynthesis returned to normal within 24 h. In the leaves 
of pinto bean, the respiration was increased significantly when 
exposed to 4 ppm for 40 min. (Todd, 1958). Macdowale (1965) 
found that during the first hour after 03 exposure at 0,7 ppm, 
the respiration was inhibited before the visible symptoms 
appeared. The respiration increased, however, when the visible 
symptom had appeared. Decrease in rate of respiration was 
observed if exposed to 0,06 ppm for 1 h (Hill and Littlefield, 
1969). Jensen (1981) reported that sugar and starch content of 
the ash root decreased when exposed to 0.5 ppm concentration of 
03 for 8 h. 
The reduction in growth, biomass and productivity by 03, 
have been shown both in ambient and glasshouse experiments. O3 
is reported to cause injury in a number of plants. The ambient 
levels of O3 have the potential to injure peanut crops. In 
the laboratory, it was shown that the Spanish type USDA Pi 268661 
peanut was more sensitive than the Valencia type McRan peanut. 
High levels of foliar injury on USDA Pi 26866I were associated 
with significant reduction in yield, reduced N-fixation and 
increase leaf drop (Snsingh e_t a].., 1985). At similar levels 
of 03 moisture stressed soybean plants showed less injury than 
non-stressed plants (King e_t aJL., 1987). Potato plants exposed 
to 0.2 ppm O3 concentration in green house showed reduced tuber 
weights while the sugar present in tubers was increased (Pell 
£t aO.., 1980). Similarly, 60% leaf injuried and 251^  reduction 
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in yield was observed in potato when exposed to O3 a t 0,3 ppm 
concentration in ambient condition (Clarke £t_ a j . , , 1983). 
Bennett and Oshiraa (1976) reported 32?^ and 469^  reduction in root 
dry matter of carrot cv. Imperator-58 a t 0.19 ppm and 0.25 ppm 
of Oj5 concentration for 6 h respec t ive ly . Signif icant reduction 
in biomass and bo l l production was observed in cotton cv, Acata-
SJ-2, when the p lants are exposed a t 0.20 ppm for 6 h twice a 
week (Oshima ejt a l . , 1979). 
Ozone caused reduction in roo ts , stems and leaf dry 
matter of pepper. Reduction in dry weight was reported 6% and 
54% respect ively in f ru i t of pepper p l an t s , when p lants were 
exposed to 0.12 ppm and 0.20 ppm for 3 h twice in a week 
(Bennett e t a]^., 1979). Blum £t a_l. (l982) observed that clover 
p lan ts exposed to O3 of 0,06 ppm and 0.09 ppm concentrations 
for 7 h per day for 2 years in f ie ld condit ions, showed reduc-
t ions in forage growth as 14 and 27% respect ive ly during the 
second year, while reduction in shoot of clover was k2% and 2k% 
when exposed a t 0.05 ppm, 0.10 ppm and 0.I6 ppm for 6 days a f t e r 
32 days of seeding. '.Vhen soybean p lan ts were exposed to 
0.022 ppm and 0.112 ppm a reduction of 39:^ in yield and 12.65^ 
in o i l content of seeds occurred. However, p ro te in content of 
seeds remained \^affacted (Oreenwald and iindress, 1984). Blum 
and Heck (1980) observed reduction in growth ra te and production 
of snapbean plants exposed to 0.30 and O.6O ppm concentrat ion 
of O3 for 1.5 h, two time a t s ix d i f ferent growth s tages . O3 
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i s found to be very toxic to tomato p l a n t s . About 85% reduction 
in f r u i t size and 30% in yield was observed when the p lants are 
exposed to 0.10 ppm for 20 h (Oshima _et a l . , 1977a and 1977b). 
According to Tingey (1985), ozone ef fec ts are not l imited 
to v i s i b l e injury but impacts can range from reduced plant 
growth, decreased y ie ld , changes in crop qual i ty and a l t e r a t i o n 
in s u s c e p t i b i l i t y to ab io t i c and b i o t i c s t r e s ses (Tingey, 1985). 
The economic ef fec ts of O3 were subs tan t i a l for 33 included crops. 
The economic estimates displayed varying s e n s i t i v i t y to the 
functional form of the response re la t ionsh ip (Hewitt, e t a l . , 
1984). 
Kl-ian (l989) reported tha t chlorot ic dots brown-grey in 
colour were the prominent f o l i a r symptoms on tomato induced by 
O3 spec ia l ly a t 0.2 ppm in a r t i f i c i a l exposures. O3 a t 0.2 ppm 
caused s ign i f ican t reductions in growth, yield and leaf pigment 
content of tomato. 
oin '^^ h (1989) reported that inh ib i t ion in seed germination 
of chick-pea and l e n t i l occurred by exposures of pots sown with 
the seeds to two dif ferent concentrations of O3. The effect of 
0.2 ppm O3 was invariably grea te r than 0.1 ppm of O3. O3 (O.I 
and 0.2 ppm) caused reductions in plant growth (length, fresh 
and dry weif';hts of shoot and roo t ) , yield (flowering and f r u i t i n g ) , 
leaf pigments and seed proteins of chick-pea and l e n t i l in 
a r t i f i c i a l exposures. 
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Peroxyacetyl nitrate (PAN) 
Reaction between nitrogen oxide and unburned hydrocarbons 
takes place in presence of UV irradiation to produce the peroxy-
acetyl nitrate (PAN), an other important photochemical secondary 
air pollutant. Near the metroplitan cities, the released 
unburned hydrocarbons and nitrogen oxide react in presence of 
sunlight to give rise the PAN (Wood, 1968; Heggestad, 1968; 
Agrios, 1978). 
sunlight 
Unburned hydrocarbon + NOx ^ ^ CH3-C-00N02 
PAN is an important cont r i tuent of the photochemical 
smog. In big c i t i e s l ike Los Angeles and New Jersey of USA, 
a i r po l lu t ion due to PAN is very common where the atmospheric 
conditions are favourable for formation of inversion layer 
(Heggestad, 1968; Wood, 1968). 
PAN produces p l a s t i c l ike glazing and bronzing of lower 
leaf surfaces of p l a n t s . I t a l so affects younger leaves and 
shows a tendency to produce t ransverse banding on individual 
leaves (Bobrob, 1955; Taylor _et a j . . , i960). Transverse banding 
of individual leaves is re la ted to physiologic age of t i s s u e . 
The mesophyll c e l l s near the stomata are injured f i r s t by PAN. 
Thus glazing and bronzing of the lower leaf r e su l t s from s l i g h t 
separat ion of lower epidermis and the mesophyll c e l l s . In 
severe i n ju r i e s , the en t i r e leaf becomes necrot ic (Glater e t a l . , 
1962). I t was found that younger leaves of p in to beans are most 
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sens i t ive to PAN (Dugger e_t a_l., 1962). But Taylor and Maclean 
(1970) observed tha t several days older leaves are most s ens i -
t i v e to PAN. 
Peroxyacetyl n i t r a t e (PAN) is known to inh ib i t photo-
synthes i s . Reduction in net photosynthesis in three l ichen 
species was reported, when exposed to 0.05 ppm and 0.10 ppm 
concentration of PAlvI (Taylor _et a j . . , 1983). Sigel and Taylor 
(1979) observed yield reduction in l e t tuce and swiss chard out 
of the 8 crops they tested as long term in te rmi t tan t exposure 
of 0.04 ppm concentration of PAN. A number of crops l ike 
romiane, l e t t uce , swiss chard, pintobeans, petunia , tomato, 
af r ican v i o l e t e t c . are reported to be injured by PAN when 
exposed 15-20 ppm concentrations for 4 h. But crops l ike corn, 
onion,begonia and cotton, were not injured with 75-100 ppb PAN 
in ambient conditions (Noble, 1965; Da^ley £ t £ 1 . , 1966; Brandt 
and Heck, I968aj Heck £ t a^., 1970). 
p a r t i c u l a r a i r po l lu tan t s : 
Pa r t i cu la te matters are the important cons t i tuents of the 
a i r p o l l u t a n t s . Important a i r p a r t i c u l a t e a i r po l lu tan t s are 
coal-dust , f lyash, lime-dust, cement-dust, so i l -dus t p a r t i c l e s 
e t c . The following are some important sources which produce 
pa r t i cu l a t e a i r po l l u t an t s : 
1. Production of coal and cement 
?. Combustion of coal , gaseline and fuel o i l , lime ki ln 
operations 
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3. Incinerat ion and s o i l erosion, a g r i c u l t u r a l burning 
and wrong a g r i c u l t u r a l p rac t ices 
4. Volcanic er rupt ions , t ransporat ion and construct ion 
e t c . 
Pa r t i cu la te a i r po l lu tan ts are major problem in developing 
countr ies . The pa r t i cu l a t e a i r po l lu tan t are AO-44% in India 
(Das, 1986). Changes in monthly averages of t o t a l suspended 
pa r t i cu l a t e s in Chicago were analysed to inves t iga te the effect 
of a law forbidding; the use of high sulphur coal , which came 
into effect in Jan. 1970, The r e s u l t s indicated a gradual 
decrease in the pa r t i cu l a t e emissions due to high sulphur coal 
burning tha t approaches the steady s t a t e a f t e r an approximate 
lag of 5 years (Saavedra-Chandra and Rao, 1984). 
Plants are severely damaged by the deposit ion of p a r t i -
culate matter. Heavy deposition can cause ch loros i s , necrosis 
and death of t i s s u e . Many p a r t i c l e s are by products of a g r i c u l -
t u r a l p rac t ices and are usually iner t (Darley and Middleton, 
1966; Heck£t a_l., 1970). Darley (1966) reported that cement 
dust , a lka l ine in nature produces injury to p lan ts in the close 
v i c i n i t y of cement indus t r i e s . High p a r t i c u l a t e emission from 
the d i f ferent sources causes reduction in qual i ty of the 
vegetables and f ru i t s growing close to the source (Heck et a l . , 
1970). The effect of oust f a l l studied on the leaves in high 
po l lu t ion and low pol lu t ion areas of Ahraedabad, showed tha t the 
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percentage of foliar injury was much more in high pollution 
in comparison to low pollution area (Vora and Bhatnagar, 1987). 
The plants grown along_ the road side with high busy 
traffic showed poor growth due to the deposition of particulate 
matter (Colwill _et a_l., 1979). Dust originated from different 
sources interferes with the stomatal functioning usually by 
filling and blocking of stomatal aperture (Hicks and Williams, 
1974; Fluckiger et aj.., 1978, 1979). Particulate air pollutants 
increase leaf temperature (filler, 1977, Fluckiger £t a_l., 1978) 
and transpiration (Beasley, 1942; Eveling, 1969), reduce photo-
synthesis (Darley, 1955) and increase the uptake of gaseous air 
pollutants (Ricks and Williams, 1974). 
Khan (1989) studied the impact of ambient air pollution 
caused due to coal-burning in thermal power plant (Thermal Power 
Plant, Kasimpur) on tomato, eggplant and okra in microplots at 
two sites (K^ and Kp) 1 and 2 km. away from the stack. High 
concentrations of particulate air pollutant at K1 and 302 and 
N02 at K2 were recorded in air pollution monitoring. Plant growth 
of all the vegetable crops was better at K1 but yield was 
adversely affected. Plant growth and yield of the vegetables 
were, however significantly reduced at K2. Air pollution reduced 
the leaf pigment content of all three vegetables, at both the 
sides. Reduction was greater at K2. Percent reduction was more 
in chlorophyll a than chlorophyll b. Air pollutants also 
induced changes in epitiex'mal characters of leaves of all the 
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vegetables a t both the s i t e s . In a i r po l lu t ion s t ressed p l a n t s , 
counts and s izes of stomata were reduced while number of t r i -
chomes and t h e i r length were increased, Stomatal aperture was 
wider a t pol luted s i t e s than the cont ro l . Cropwise, tomato was 
most sens i t ive followed by okra. Eggplant was r e l a t i v e l y less 
affected, 
Singh (l989) observed tha t the ambient a i r po l lu t ion 
caused by the Thermal power p lan t , Ifeisimpur induced chlorosis 
and marginal necrosis of the leaves in chick-pea and l e n t i l a t 
the c loses t s i t e ( l /2 km). The symptoms became gradually less 
with the increasing d is tance . Chick-pea showed less s e n s i t i v i t y 
to the a i r po l lu t ion than l e n t i l . At some s i t e s where necrosis 
of 3-eaf margins appeared on the l e n t i l , no such symptoms were 
evident on chick-pea. The ambient a i r po l lu t ion adversely 
affected p lant growth (length, fresh and dry weights of shoot 
and roo t ) , flowering and f ru i t i ng , leaf pigments and seed 
prote ins of chick-pea and l e n t i l . Seed germination of chick-pea 
and l e n t i l was inhibi ted and post-emergence mortal i ty of t h e i r 
seedlin,;?^s increased in the ambient flyash polluted s o i l as well 
as in the a r t i f i c i a l l y flyash pol luted s o i l . Inhibi tory effect 
on seed germination was grea te r for chick-pea but the post-
emergence mortal i ty of seedlings was grea ter for l e n t i l . The 
adverse effects of flyash in the a r t i f i c i a l i y amended s o i l 
showed stepwise increase upto 80% leve l , thenaf ter , there was 
no increase. 
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Acid rain 
Primary air pollutant like S02 and NOx are converted 
into acids when come in contact with water present in atmosphere 
and it comes down along with atmospheric precipitation. This 
is called as acid rain. Rainfall acidification by air pollutant 
emissions was first noticed in 1957 in jSngland by Hales (Hales, 
1957). However, almost a century ago. Smith (1870) was first 
to observe its effects. Acid rain of pH 3.0-3.6 are reported 
from Sweden, Norway and Eastern United States. 
The distribution of acid rain includes major areas where 
agricultural crops are produced. It was reported that if 
soybean were exposed '. uniformly to 5.2 pH, the increase in 
yield would be approximately 31^  (Benbar, 1%7). According to 
Cogwill (1985) there are two major groups of thought concerning 
acid precipitation Group I holds the view that environmental 
problem require legislative attention, that such precipitation 
results chiefly from the combustion of fossil fuel which 
releases oxides of N and 3 into atmosphere. Group II claims 
that it is difficult to quantitatively attribute acid rain 
failing in one place to its origin in another place. Rain and 
snow in Northern Europe and in the North-eastern United States 
have been pz-ogressively more acidic during the past two decades 
(Oden, 1968; Cogbill and Lichens, 197A; Lichens and bormann, 
1974). 
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The effect due to acid rain may be direct or indirect 
on the terrestrial vegetation. It is argued that contributions 
of both acids (i.e. HN03 and H2S04) in the acidification of the 
terrestrial ecosystem is not equivalent (Mclean, 1982). Grahm 
et al. (197A) observed the adverse effect on the development 
of peat moss (Sphagnum sp.), in lakes and streams in Sweden, 
receiving large amounts of acidic precipitation. On Zea mays, 
the simulated acid rain caused small but significant reduction 
in yield in some cultivars under extreme conditions (Banwart, 1988), 
Heck _et a_l. (1985) reported that herbaceous plants are 
more vulnerable for direct acid rain injury than , woody plants. 
Agricultural crops can also be injured as acidity in rain 
approaches pH 3. Recent measurements of fog, however, have 
indicated that fog acidities in the range of pH 2 to 3 routinely 
occur in Southern California and fog with an acidity greater 
than pH 2 has been repoi-ted (Musselraan, et. al., 1988). In corn 
soybean, bean, the injury was characterised by marginal and 
tip necrosis similar to that induced by gaseous fluoride, if 
they are exposed to submicron sulfuric acid aerosol (L3ng et al., 
1974). Wood and Borman (1974) reported the direct injury of 
terrestrial plants by artificial insets of simulated rain 
containing dilute H2S04. An increased leaching of nutrients 
from pinto bean and sugar maple seedlings foliage occurred. 
Physiological aspects of soybean (G. max L. Merr " Davis" ) 
like the photosynthesis, transpiration, stomatal conductance of 
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water vapour and chlorophyll content were not significantly 
affected by the application of simulated acid rain (PN 3.2, 4.2 
and 5.2) alone or in combination with gaseous pollutants 
(Takemoto £t_ a_l., 1987). Effects of air deposition were studied 
to several soybean varieties by Oden £t al.. (1988). A comparison 
of the ability of leaf surfaces to neutralize acidic rain drops 
were done on the leaves of Artimisia tilesii. Spinacea oleracea 
^^^ Phaseolus vulgaris. The pH of rain droplets initially of 
pH 3.0, 3.5 and 3,6 increased after contact with leaves of these 
species. However, for droplets of pH 2,5, the pH of droplets 
actively decreased with time on leaves as the drops evaporated, 
despite the very laz-ge quantity of hydrogen ion neutralised by 
the leaf surface. Neutralization of acidic droplets v/as greatest 
in A. tilessi plants, which also showed the lowest sensitivity 
to foliar injury from simulated acid rain. Spinacea oleracea 
leaves were the least able to neutralize acid droplets and 
also were most sensitive to foliar damage. In each species, the 
more acidix the rain, the greater the quantity of hydrogen ions 
neutralized by the leaf surface (Adams and Hutchinson, 1984). 
3riner and Johnston (1981) observed no significant effects 
of acidic soil on fresh weigh" of shoot, root or pod of soybean, 
both in field and glasshouse. 
Khan (1989) reported that simulated acid rain particularly 
at pH 5.? proiiuced uifacial white to tan coloured irregular 
lesions in interveinal areas of leaves and marginal chlorosis 
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in tomato. Simulated acid ra in a t pH 6.6 reduced counts and 
size of stomata and enhanced count and length of trichomes. 
Singh (1989) reported tha t acid ra ins of pH 5 and 3.2 
advei'sely affected plant grov/th (length, fresh and dry weights 
of shoot and roo t ) , flowering, f ru i t i ng , chlorophyll content 
of leaves and pro te in content of seeds of chick-pea and l e n t i l . 
The adverse effect of the acid ra in of pH 3.? was consis tent ly 
grea te r on a l l the considered parameters than pH 5. 
Pollutant mixture 
Since 1970, reports show an increased effect of mixtures 
of po l lu tan ts over effects from individual p o l l u t a n t s . The 
combined acts of a i r po l lu tan t mixture can be e i t h e r syne rg i s t i c , 
antagonis t ic or add i t ive . The pol lu tan t mixtures are responded 
by the p lants and i t cause injury, a l t e r growth and development, 
induce physiological and metabolic imbalance and the accumulation 
of ce r ta in elements and metabol i tes . Decrease in plant growth 
and yield are often the c r i t i c a l a g r i c u l t u r a l responses. The 
03 + S02, 302 + N02 and 03 + S02 + N02 are most important 
pol lu tan t mixtures. Mixtures l ike 03 + N02, 302^+ HF, S02 + NaF, 
N02 + HF, 03 + H?S and 03 + acid r a in are known to cause injury 
in several p lan ts (Keinert, 1984; Heck £ t al . . , 1986). Manser 
and Heggested (1966) observed synerg is t i c effect of SO? and 03 
on tobacco. effect of HF is reported to be reduced in presence 
of the hydrocnrbons (liitchcock £t_ aj_., 1962). Plants in Los 
Angeles receiving a i r were less injured than those received 
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filters 
same air but passed through air^ (Thomas let a].,, 1952). 
Different concentrations of 03 + S02 mixture affect 
several plant at different levels. Three cultivars of rice, 
Oryza sativa, M7, M9 and S201 were exposed to 03 and S02 in open 
field chambers. Results showed that 03 was much more injurious 
to rice per unit of pollutant than S02 and that reduced yield 
•due to both pollutants was caused mostly by reduced seed size. 
Gultivar M7 was more resistant to 03 or 302 than Mg and S0201 
(Kats £t, aj.., 1985). Tomato plants when exposed to 0.2 ppm, 
03, 0.2, or 0,8 ppm S02 singly or in combination 15 days for 
3 or 4 h observed additive effect at 0.2 ppm S02 and antagonis-
tic at 0.8 ppm 302 (Shew et a].., 1982). Ormrod et al, (1983) 
when exposed the lettuce and radish plants with 0.4 ppm 03, 
0.8 ppm 302 mixture for 6 h, there was antagonistic effect in 
lettuce and additive in radish when potato plants were exposed 
to 03 with 0.1 ppm SO? for 6 h daily, reductions in growth and 
yield of potato were observed to be additive (Foster et al.,l983), 
When tall fescue (Festuca arundiracea Schreb " Alta" ) 
plants were exposed weekly to four 03 treatment, 0, 0,10, 0.20 
and 0.30 UL L~^ with or without 0.1 UL L"'' S02 6 h d"'' for 12 
weeks, 03 had a much greater impact on forage quality than 302. 
-1 03 increased protein content on a g kg basis and decreased 
prote in on a weight per plant bas is (Flagler and Youngner, 1 ^ 5 ) . 
Physiology of the p lants is a lso a l t e red by the combinations of 
03 and 302, Winter wheat p lants when exposed to S02 e i t he r alone 
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or in combination with O3 had no effect on yield even after 
multiple intermittent exposures at 0.363 ppm (Kohut et al,. 1987). 
Synergistic response in stomatal conductance antagonistic to 
foliar injury and additive to the growth was found in snap-
bean by Beckerson and Hofstra (1979) and Miller and Davis (1981). 
Decrease in fresh and dry weight of tomato leaf and root 
was observed when plants were exposed to 0.05 ppm S02, N02 
mixture. However, no effect was observed when tomato plants were 
exposed to these pollutants singly (Mairie and Ormrod, 1984). 
In order to clarify the effects of small doses on Poa pratensis. 
an experiment was performed in which the response was observed 
— 1 —1 
at intervals during a 50 and exposure to 40 ne 1 S02 + 40 n 1 
N02. The results showed that low doses could cause small growth 
stimulations and that the transition from beneficial to inhibitory 
effects occurred over a narrow range of doses (Whitraore,1985). 
When Be tula pendula plants were exposed to 302 and NOp at 
concentration between 30 and 90 ne 1~ , in controlled conditions, 
the effect of continuous exposure to this range of concentration 
of SO2 + NO2 varied from 20% increase to a 32'>4 decrease in total 
dry weight (Freersmith, 1985). In soybean cultivars treated with 
SO2 - NO2 mixture, the synergistic response was observed in 
photosynthesis, stomatal conductance, chlorophyll reduction, 
additive in respiration and reduction in yield at higher SO2 
concentrations (Carlson, 1983; Amundson, 1983; Irving and Miller, 
1984). 
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Synergistic interaction in reducing net photosynthesis 
of sunflower occurred between O3, SO2 and NO2 in mixture 
(0.2 ppm of each gas). Similar synergistic response was noticed 
with NO2 - 0^ and SO2 - 0-^  combinations (Furukanea and 
Totsuka, 1979). Alfalfa exposed to O3 + acid rain mixture 
(0.05-0.15 ppm of O3 and rain 5.6 or 3.0 pH) showed no 
interaction between both the constituents. Activity has no 
effect on yield, but nitrogen content decreased by 18-37% 
while O3 had no effect on either yield and quality. 
Khan (1989) reported that SO2 and O3 (both particularly 
at 0.2 ppm) significantly reduced plant grov/th and yield para-
meters and leaf pigment content of tomato. SO2 (0.2 ppm) and 
03 (0.1, 0.2 ppm) mixture acted synergistically and caused 
greater reductions than the sum of their individual effects. 
Air pollutants decreased the count and size of stomata but 
increased the counts and size of trichomes and stomatal aperture. 
Relative toxicity of SO2 + O3 mixtures on all the parameters 
of tomato considerd in the study was in the order 0.2 + 0.2 ppm > 
0.? + 0.1 ppm > 0.1 + 0.2 ppm > 0.1 + 0.1 ppm. 
Singh (1989) reported that mixture of SO2 and O3 
(0.1 SO2 + 0.1 O3, 0.2 SO2 + 0.2 O3) caused reduction in plant 
growth (length, fresh and dry weights of shoot and root), yield 
(flowering and fruiting), leaf pigments and seed proteins of 
chick-pea and lentil in artificial exposures. The higher con-
centration of both the pollutants and their mixture was 
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c o n s i s t e n t l y more harmful for a l l the cons idered parameters 
of p l a n t growth y i e l d , l e a f pigments and seed p r o t e i n s . SO2-O3 
mixtures were more t o x i c than the i n d i v i d u a l p o l l u t a n t s a t 
t he same c o n c e n t r a t i o n s . 
Root-knot nematodes 
Root-knot nematodes (Meloidogyne s p e c i e s ) a r e one of 
the most damaging of p l a n t p a r a s i t i c nematodes. They have 
exceedingly wide hos t range and t h r i v e in a g r e a t l y d i v e r s e 
h a b i t a t s , Berkeley ( l885) , f o r the f i r s t t ime , observed r o o t -
knot nematodes causing g a l l s in roo t s of greenhouse cucumbers 
in England. Root-knot nematodes were known by d i f f e r e n t names 
fo r a long per iod of t ime . Geoldi (1887) accorded the p r e s e n t 
day gene r i c name Meloidogyne t o these nematodes. Modern 
taxonomy of r o o t - k n o t nematodes o r i g i n a t e s from the ou t s t and ing 
work of Chitwood ( l949a) who i d e n t i f i e d four s p e c i e s and one 
sub - spec i e s on the b a s i s of c h a r a c t e r i s t i c s of p e r i n e a l p a t t e r n s 
of mature females of the nematodes. Since then a number of 
spec i e s were added t o t h i s l i s t . The c u r r e n t s p e c i e s l i s t of 
the genus Meloidogyne inc ludes 73 s p e c i e s (Hirschmann, 1985; 
Tay lo r , 1987; Golden and Kaplan, 1986; Kleynhans, 1986; Zhang 
and Su, 1986; Abdel-Rehman and Maggenti, 1987; Rammah and 
Hirschmann, 1988; Rammah and Hirschmann, 1990). Of the 73 / fou r 
spec i e s M. incogn i ta (Kofoid and '.Vhite) Chitwood, M. .javanica 
(Treub) Chitwood, M. a r e n a r i a (Neal) Chitwood and M. hap la 
Chitwood a re c a l l e d major spec i e s in view of t h e i r world-wide 
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d i s t r i bu t i on , extensive host range and the damages caused to crop 
p l a n t s . M. incognita is commenst followed by M. .iayanica. 
These four species a t t ack many kinds of crops l ike ce rea l s , 
vegetables, pu l j e s , f ibre-y ie ld ing crops, f r u i t crops, p lan ta t ion 
crops, ornamentals e t c . (Sasser, 1980; Sasser and Carter,T982). 
Root-knot nematodes a lso in t e rac t with other p lant 
pathogenic organisms. Their in te rac t ion is mostly synerg is t ic 
causirig gx^eater louses to the p l a n t s . Bulk of t h e i r in te rac t ions 
is reported with fungi followed by viruses and bacter ia ' (Table 1) . 
In te rac t ion of a i r po l lu tan t s with fungal p lant pathogens 
Sulphur dioxide (SO2) : 
Sulphur dioxide is one of the major a i r po l lu tan t s known 
to affect the host p a r a s i t i c re la t ionsh ip of p lan ts infected 
with fungi. ' The avai lable information on the ef fec ts of SO2 
on fungi associated with p lants or in cul ture are presented in 
Table ?. Scheffer and Hedgcock (1955) and Syke (1968) observed 
in f ie ld s tudies tha t SO2 usual ly inh ib i t s the growth and 
development of plant p a r a s i t i c fungi in the polluted area. With 
the incr.^asin,'; distance from the point source, the effect of 
3O2 on disease incidence and development decreases notably 
(Linzon, 1958). i e n s i t i v i t y to SO2 is more in obl igate 
p a r a s i t i c fungi th^rn non-obligate p a r a s i t i c fungi. Uromyces 
phaseol i on bean leaves w s^ inhibi ted by JO2 (Weinstein e t a l . , 
1975). Sulphur dioxide a lso inhibi ted Puccinia graminis on 
A6 
wheat when infected leaves were exposed (Laurence e t a l . , 1979). 
Non-obligate p a r a s i t i c fungi show var iable responses. They 
are inhib i ted , stimulated oc do not respond to SO2 po l lu t ion 
Weinstein e_t a_l. (19^75) obsex-ved that SO2 did not af fec t the 
parasi t ism of tomato leaves by Alternaria so lan i . Number of 
lesions caused by Helminthosporium maydis were decreased by 38% 
on the maize p lants exposed to 0.15 ppm SO2 for 14 h dai ly for 
8 days before inoculat ion (Laurence £ t a l . , 1979). On the 
other hand, an increase in the number of lesions caused by 
Schirrhia acicola on the needles of scot pine occurred on p lan ts 
exposed to 0.?0 ppra for 6 h of SO2 for 5 days (Weidensaul and 
Darling, 1979). 
SO2 also affects the fungal growth and spore germination. 
The fungal hyphae show res i s tance to SO2 within the .p lan t t i s sue , 
The hyphae of d i f ferent fungi show a va r i a t ion in s e n s i t i v i t y 
to SO2 doses (McCallen and Needon, 1940). Conidial germination 
°^ ^^ cinerea was found to be 20?o when exposed to 36 ppm SO2 
for 1/2 h (Gouey and Uota, 1961). No effect on the germination 
of spores of 10 saprophytic and p a r a s i t i c fungi was, however, 
found when exposed on agar to 10 ppra SO2 for 1-6 h (Hibben, 1966). 
Moist spores are comparatively more sens i t ive to SO2 than dry 
spores. In Alternaria spp. 60% reduction in spore germination 
was recorded with treatment of 50 ppm SO2 for 24 minutes but 
100 ppm SO2 was required to produce a s imilar decrease for the 
dry spores a t 98% re l a t ive humidity. 
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Saunders (1966) exposed roses inoculated with Diplocarpon 
rosae to low doses of SO2 for 2 days after inoculation. He 
found that 0.04 ppm SO2 considerably decreased the disease while 
there was slight increase at 0.01 ppm. He further noted that 
p. rosae was rarely present on roses in area where daily average 
of SO2 concentration was greater than 0.04 ppm, but the disease 
was more frequent in area with less SO2 concentration. Scheffer 
and Hedgcock (l955) recorded decreased parasitism by the species 
of several rust fungi like Cronartlum, Coleosporium, Melampsora, 
Peridermium, Pucclniastrum and Puccinia where trees were injured 
by SOg. 
Fluoride 
Information on influence of f luorides on plant pathogenic 
fungi and vi ruses are r e l a t i v e l y less than SO2 (Table 3 ) . Most 
of the fungi are inhibi ted s ign i f i can t ly by higher levels .of 
f luorides (McCune £ t £ ! • ' '^973). Jodium fluoride (NaF) was 
reported to inh ib i t colony growth of some fungi l ike Vert ici l ium 
albo-atrum, Helmlnthosporium sativum and Pythium debaryanum in 
cul tures while Botrytis c iner ia and two Colletotrlchum spp. 
were s t imul ' t ed s l i gh t l y a t the low concentration (Treshowe, 
1965). Most of the fungi show inhib i t ion in paras i t i sm when they 
are exposed to hylro'-^en fluoride (HF), McCune et_ a_l. (1973) 
exposed bean plants to HF before and a f t e r inoculat ion with 
Uromyces phaseol i . Inhibi t ion was observed in number and gro'.vth 
of uredia in leaves and F levels were reported to increase by 
600-1300 ppm. In second experiment, pustule numbers were 
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reduced by HF exposure only before inoculation while in third 
experiment both pre-, and post-inoculations caused inhibition 
of the rust (McCune £t aj.., 1973). The pre-inoculation exposure 
of tomato plants to HF is reported to cause decreased develop-
ment of Alternaria solani, but in tomato pre-inoculation exposure 
did not influence the disease development (McCune et. a_l., 1973). 
Ozone (O3) 
Ozone (O3) inh ib i t s or enhances a number of p a r a s i t i c 
fungi (Heagle, 1973). Ozone is more effect ive in inh ib i t ion 
of spore germination than SO2. Fungus species , spore morphology, 
moisture and subs t ra te are determinats of the degree_^sensivity 
to ozone. Single-cel led spores, hyaline spores or thin-walled 
spores are more sens i t ive to O3 than mult icel led, pigmented or 
t h i ck walled spores. Germination of the large mult icel led 
conidia of Macrosporium sp. was grea te r than tha t of smaller, 
s ingle celled spores of Solerot inia f ruc t icola and Penicil l ium 
expansum a t O.6O ppm O3 for 1-3 h on freshly cut apples i^ Smock 
and Watson, 1941). Unlike 30^, wet spores are less sens i t ive 
to O3 than dry spores (Heagle, 1973). 
Ozone (O3) inh ib i t s the fun.^al infect ion of p l a n t s . 
Inhib i t ion of Botryt is gladioloruir. on gladiolus flov^er occurred 
when the p lants were exposed to 0^ at a dose too low to cause 
injury to gladiolus (Magie, 1963; Manning, 1971). Disease 
caused by Botryti3 so. on chrysanthemum p e t a l s , was a lso 
reported to be decreased in presence of 0^, even though the 
'D^ 
pe ta l s were injured by O3 (Manning, 1971). Puccinia coronata 
was inhibi ted on 10 v a r i e t i e s of oat when the p lan t s were 
exposed to 0.10 ppm O-i for 6 h a f t e r 10 days of inoculat ion. 
Sl ight in jur ies in a l l p lan ts as well as s ign i f ican t reduction 
in size of uredia occurred in a l l p lants (Heagle, 1970). 
Sporulation of Puccinia graminis was inhibi ted on wheat p lants 
when exposed to low doses of O3 (O.O6, 0.12, 0.18 ppm for 5 h/day). 
The decreased sporulat ion appeared to be re la ted to 0^ injury 
to host rnesophyll c e l l and decreased growth of hyphae. Heagle 
and Strickland (197?) obtained inh ib i t ion in penetra t ion of 
£rysiphe ^raminis on barley leaves when exposed to 0.05, 0.10 
and 0.15 ppm O3. Similar ef fec ts occurred when barley leaves 
having mature conidia were exposed to 0.10, 0.20 and 0.30 ppm 
0^ for 24 h during the incubation. The mature spores remained 
unaffected under high doses of 03 (Schuette, 1971). O3 injury 
predisposed plants to disease cause by facu l t a t ive pa ras i t e s 
(Manning £t^  £ 1 . , 1969). Synergis t ic in te rac t ion was recorded 
between Oj and aozryt is cInerea on pota to . Infection and 
invasion of _H. cinerea wer.> grea t ly increased on potato leaves 
injured by 0^ (0.15 - 0.25 ppm 6-8 h) before inoculat ion. In 
one Geranium cu l t i va r t;ymi)t(Jms of the disease caused by 
3. cinerea was great ly increased on leaves injured by O-5 a t 
0.07-0.10 ppm concentration for 10 h/day for 15 days, before 
inoculation. Jim.ilar increaises in infect ion and invasion of 
'^^ '^  ^ ' cinerea were obtained on broadbean plants exposed to 
0.15 ppm 0^ for 8 h before inoculation of the fungus (Kagdycz, 
1972). j^ffect of 0^ on He Im int h osn o r ium ma yd is infect ion of 
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maize leaves was either negative or positive, depending upon 
the time of exposure in relation to stage of fungus development 
as well as on the concentration of 0^ (Heagle, 1977). When maize 
plants exposed to 0^ for 5 h per day before 6 days of inocula-
tion, sporulation increased at 0.06 ppm and 0.12 ppm but not 
at 0,18 ppm. There was decrease in sporulation with increase 
in O3 concentration, if the plants were exposed after 8 days of 
inoculation. Botrytis squamosa, a facultative fungus doubled 
the number of lesions developed on the onion plants, exposed to 
O3 (Wukasch and Hofstra, 1976, 1977). The small doses of O3 
was found to be inhibitory for sporulation of wheat stem rust, 
Puccinia graminis (Heagle and Key, 1973). Jame e_t aj.. (1980) 
claimed that Heterobasidium annosum caused the death of pine 
tree injured by O3. 
Fungal colonies on culture media are not much affected by 
exposure to large doses of O3 although small doses can inhibit 
the colony growth, suppress development of aerial hyphae and 
decrease sporulation (Ingram and Haines, 1949; Hibben and 
Stotsky,l969). Heagle (197J) reported that facultative parasites 
are affected more than facultative sprophytes such as H. maydis 
3nd Cercospora arachidicola. 
Acid rain 
According to Bruck and Safer (l984^ acid precipitation 
represents an alternation in the environment component. Hypothe-
tically it may have three effects on a disease situation: 
58 
i ) Within the range of ac id i ty current ly occurring in 
p r e c i p i t a t i o n no change may be evident or the change is simply 
not suf f ic ient to a l t e r the otherwise predic table course of 
the hos t -paras i te in t e rac t ion . 
i i ) Most r e s i s t ance , pathogen virulence or pathogen 
inoculum density e t c . may be influenced by acid r a in in such 
a way as to increase disease incidence or sever i ty on a p lant 
or within a p lant population. 
i i i ) Plant s u s c e p t i b i l i t y , pa ras i t e virulence or p a r a s i t i c 
inoculum e t c . may be decreased by acid ra in to such an extent 
tha t the disease process is decreased in sever i ty or incidence. 
Growth and reproduction of many fungi may be influence 
s ign i f i can t ly by pK, d i r ec t ly or ind i rec t ly (Mehrotra, 1980). 
Simulated acid ra in caused inh ib i t ion of Cronartium fusiforme 
on the willow oak inoculated with aecio-spores . The number of 
t e l i a and infect ion were decreased when 112304 of pPi 5.2 was 
applied on each of 14 days before and a f t e r inoculat ion (0.63 
cm ra in f a l l applied over 10 min per day) (lleagle, ^^Q?). The 
number of Helminthosporium maydis lesions on mai^e increased 
when conidia were incubated in water a t pH of 3.5 before inocu-
l a t i on and the leaves were subsequently t rea ted with acid r a i n 
a t pH 3.5 (Shriner, 1978). Jhr iner (1978) traced kidney bean 
p lants infected by Uromyces phaseoli and MeloidOf':yne hap la three 
times weekly with simulated ra in a t pH 6.0 or 5.2. 'Rain* a t 
pH 3.2 caused temporary inh ib i t ion of rus t sever i ty and decreased 
root infect ion and reproduction of root-knot nematode. 
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Singh (1989) reported tha t Rhlzoblum promoted plant growth 
y ie ld , leaf pigment and seed p ro te in contents of l e n t i l and chick-
pea. These favourable effects of Rhizobium were reduced by the 
ambient a i r po l lu t ion . Rhizobium increased the number of stomata, 
s ize of stomata and stomatal operture and number and length of 
trichome-hydathodes and decreased the number and length of 
trichomes. These effects of Rhizobium were suppressed by 
ambient a i r po l lu t ion . The favourable effects of Rhizobium on 
plant growth and yield were gradually reduced by the increasing 
leve l of flyash in the s o i l and the effects were completely 
eliminated a t 80;^ l eve l . A stepwise decrease occured in the 
formation of root nodules by f^iizobium and was completely supp-
ressed a t 70 and 80% flyash levels in chick-pea and l e n t i l 
respec t ive ly . 
Effect of a i r po l lu t ion on plant pathogenic and nodule forming 
bacter ia 
Sulphur dioxide (S02) 
Bacter ia l p lant pathogens are influence by SO2 (Table 6 ) . 
Effects of SOp on the parasi t ism of bacter ia were studied by 
Laurence and Aluiso (1981 ). SOp exposures reduced the ra te of 
les ion develonment and les ion s ize on plants suf f^r in / with 
the b a c t e r i a l d i seases . ixp03ure duration in rel '^t ion to 
inoculat ion pl^y an important role in some cases, ^orynabacterium 
nebraskense was inhibited wh-?n m''i,'-e plants were extjose.i 
continuously to U.'^ 'O ppm JO? for :'4 h d.'iily, s dayo before 
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inoculation, 2 days after inoculation and both pre-, and post 
inoculation. However, post-inoculation exposure for 2 days 
caused maximum inhibition. Effect of SO2 on Xanthomonas phaseoli 
was studied by Laurence and Phaseoli (1981 ). X. phaseoli was 
inhibited on soybean plants exposed to 0.10 ppm S02 for 24 h 
5 days before inoculation, 5 days after inoculation and both 
5 days before and after inoculation. Pre-, and post-inoculation 
exposure caused maximum inhibition of bacteria. 
Singh (1989) observed that SO2 suppressed the _in vitro 
growth of chick-pea and lentils strains of Rhizobium. SO2 were 
more inhibitory at the higher concentrations. The chick-pea 
strain of Rhizobium shov.!ed greater sensitivity to exposures of 
SO2 than lentil strain. 
Ozone (O3) 
Ozone {0^) also inhibits bacterial plant diseases, 
especially the bacteria causing the foliar lesions (Table 7). 
Number of lesions on wild strawberry infected with Xanthomonas 
fragariae w-ere decreased by O3 (O.PO ppm for 4 h) (L'ujrence 
and Wood, 1978b). Number of lesions of Pseudomonas glyclnea 
were decreased in soybean leaves on plants exposed to 0.08 or 
0.25 ppm of O3 for 4 h from 16 days to 1 h before inoculation, 
but not after two days of inoculation. 
Accor^ ding to Heagle (l982) some bacteria protect the 
leaves from injury to O3, while some others do not provide 
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pro tec t ion . Xanthomonas phaseoll provided some pro tec t ion to 
white-bean leaves from ambient oxidants in Canada, but the 
effect was not commercially s ign i f i can t (Temple and Bisessar , 
1979). In control led condit ions, X* phaseoli however, did not 
provide such protec t ion to navy-bean from 0.24 ppm O3 over 
8 h for 1, 2, or 4 days a f t e r inoculat ion (Olson and S a e t t l e r , 
1979). P ra t t and Kruppa (l979) noticed protect ion provided 
by _P. glvcinea to soybean leaves exposed to 0-^ for 1-3 days 
a f t e r inoculat ion. Acute f o l i a r injury caused by O3 protected 
the soybean leaves from acute injury caused by Pseudomonas sp. 
and vice versa (pel l _et al . . , 1977). In a l f a l f a p lan t , antago-
nost ic in te rac t ion between O3 and X. a If a If eg was reported by 
Howell and Graham (l977). Disease on a l fa l fa caused by 
X.alfalfae was decreased due to O3 exposure and tha t b a c t e r i a l 
infect ion reduced 0^ injury. 
Root-nodulation caused by Rhizobium or Bradyrh1zobium 
are influenced by a i r pol l \ j tants . Reinert e_t £l_. (1971) 
recorded decreased number of Rhizobium nodules'on soybean p lan t s 
exposed to 0.12-0.15 ppm 03 for 15 days. Number, s ize and weight 
of Rhizobium nodules were reduced on pinto bean plants exposed 
to 0.06 ppm of O3 for 8 h per day for 20-50 days (Manning £t_ a l . , 
1972). Similar r e su l t s were observed on 3-week-old soybean 
p lants exposed to 0.75 ppm O3 for 1 h. In roots of the p l an t s , 
leghaeraoglobin content decreased by O3 e f fec t s . Since O2 is 
highly r eac t ive , i t s effects on bac t e r i a l c e l l s wers d i r e c t . 
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Plant physiology as well as plant fol iage are a lso 
reported to a l t e red by 0^ probably due to i t s easy nature of 
breakdown in the s o i l . Another p o s s i b i l i t y i s the change in 
qual i ty or quantity of root exudates (ocott and Lesher, 1963). 
Singh (1989) observed tha t ozone suppressed the in v i t r o 
growth of chick-pea and l e n t i l s t r a in s of Rhizobium. O3 were 
more inhibi tory a t the higher concentrat ions. The l e n t i l 
s t r a i n of Rhizobium showed grea te r s e n s i t i v i t y to exposures of 
0^ than chick-pea s t r a i n . 
Effect of acid ra in on bac ter ia 
The Pseudomonas, causal agent of b a c t e r i a l speak of 
tomato was sprayed on p lants before and a f t e r the exposure of 
acid ra in of pH 2 .5 , 3.5 and h,5 as well as p lan ts not exposed 
to acid ra in exposure of p lants to simulated acid ra in . 
Exposure of p lants to simulated acid ra in inhibi ted speck 
development. But the inh ib i t ion was g rea te r on the p lan ts 
exposed to acid ra in a f t e r inoculations was on those exposed 
before inocula t ions . Plants a lso showed a decrease in growth 
with an increase in ra in ac id i t y , leaves injured by simulated 
acid r a in and examined h is topathologica l displayed c e l l u l a r 
malformations including hyperplasm and hypertrophy (Bisessar 
e t a_l., 198A). 
Sinr.h (l'>V'j) reported that tho I'nvoir'il lo o f f ' r t : , of 
Rhizobium were suppressed by acid r a ins . Root noa\ilPtion '.vas 
suppressed on chick-pea and l e n t i l . 
on 
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Other a ir po l lu tan t s 
Heagle (1973) reported tha t f luoride may decrease the 
disease caused by P. phaseol icola . The disease caused by 
P. phaseol icola , was on bean leaves was not affected by HF 
exposure a t p r e - , or pos t - inocula t ion even a t the concentra t i 
where 700 ppm fluoride accumulated in the bean leaves (Heagle, 
1982). 
Parasit ism of nodule forming bacter ia might be s i g n i f i -
cantly affected by the acid ra in a t levels tha t can occur in 
the f ie ld (Heagle, 198?). In case of kidney-bean the disease 
symptoms caused by Pseudomonas phaseolicola were increased, 
when p lan ts were s t ressed by stimulated acid ra in a t pH 3.2, 
before inoculat ion (0.63 cm over 10 rain per day for 10 days). 
Shriner, (1978) a lso observed decreased incidence of rthizobium 
nodulation in red kidney-beans and soybean in glasshouse and 
kidney-beans in f ie lds when s t ressed to acid ra in of pH 3.2. 
However, no effect of bi-v;eekly acid ra in was reported on 
Rhizobium nodulation of soybean a t the pH of 2.8 (Feicht,1981). 
The bac t e r i a l population on plant leaves might be a lso affected 
by deposit ion of lime stone dust (Manning, 1971). 
Effect of a i r po l lu tan t s on plant viruses 
Sulphur dioxide (SO2) 
Sulphur dioxide affects some plant viruses (..'able 6 ) . 
Laurence e_t aj.. (1981; reported tha t SO2 increased plant viruses 
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on bean and maize. Southern bean mosaic virus and sulphur 
content in bean leaves were increased by continuous SO2 
(0.10 ppm for 7 days) exposure either before, after or both 
before and after inoculations. However, in maize plants, 
increase of maize dwarf mosaic virus (MDMV) leading to greater 
infection and more severe symptoms were observed without any 
increase in sulphur contents of the leaf when plants were 
exposed continuously to SO2 pre-, and post-inoculations of 
plants. 
Fluoride 
The leaves of pinto bean are predisposed to TMV infection 
by the fluorides. The number of lesions was greater on inocu-
lated bean leaves than on the controls, when leaves contained 
100-300 ppm fluoride (Dean and Treshow, 1%5; Treshow et a_l., 
1967). Dean and Treshow (l965) reported that TMV particles 
and infection were reduced when the leaf tissue contained 
fluoride more than '300 ppm. 
Ozone (03) 
Effect of ozone and p l a n t v i r u s i s e i t h e r s y n e r g i s t i c 
or a n t a g o n i s t i c (Table 8 ) . More l o c a l l e s i o n s on the p i n t o 
bean leaves developed whe.a i n o c u l a t e d with TMV and exposed t o 
0.10 ppm OJ5 for 3 h, 3 or 2A h. However, when exposure 
occurred 0 or 48 h a f t e r i n o c u l a t i o n , the e f f e c t was a b s e n t . 
P a r t i a l p r o t ' i c t i o n of p i n t o bean leaver from Ojj (O.?^ ppm for 
4 h) waa no t i ced when inocu la ted with bean common mosaic 
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viruses 4, 5 or 6 days before exposure (Davis and Smith, 1946). 
Several other viruses like tobacco ring spot, tomato ring spot, 
alfalfa mosaic and tobacco mosaic etc, protected primary leaves 
of pinto beans from 0^, when Inoculated ^ days before exposure 
(Dsvis and Smith, 1974a). A number of other reports showed 
that viruses protected primary leaves of soybean, pinto bean etc, 
from injury caused by O3 (l)avis and Smith, 1974a; Vargo et al.. 
1978). Bisessar and Temple (1977) reported that field tobacco 
infected with TMV exhibited 50?^  less injury from ambient ozone. 
The tobacco streak virus infection resulted in greater injury 
of 03 than non-inoculated one, when exposed to 0.50 ppm O3 for 
3 h on 1 or 2 days at 3 weeks after the inoculation (Fleinert and 
Gooding, 1978). 
The mechanism for virus induced changes in plant response 
to O3 are unknown. Decrease stomatal conductance has been 
suggested as the mechanism for protection, but this was not 
proved in some plants. Virus titre, plant age and season were 
recognized as important factor (hrennan, 197^; Vargo et al.. 
1978). 
Interaction of air pollutants and plant parasitic nematodes 
There are evidences to show the effect of air pollutants 
on plant parasitic nematodes (Table 9). 'greater saprophagus 
and predaceous nematode populations were found in tlie forest 
areas, ssverly dama^ ';ed by SOp and alkaline particulate material 
than t';e slichtly d'-!rn-';;ed .'reas tBas^ ;or.;, 1968). liarmrul effect 
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of i n d u s t r i a l dust on the nematode Pana^rolaimus r ig idus was 
a lso observed by Kozlowska (1981). In a study of response of 
p lant p a r a s i t i c nematodes to O3 and SO2 singly and in mixtures 
on five plant p a r a s i t i c nematode species with d i f fe ren t modes 
of parasi t ism on begonia and soybean p l a n t s , Weber jet a^. (1979) 
showed tha t on soybean plants exposed to O3 and SO2 singly and 
in combination and inoculated with the nematodes, Belonolaimus 
longlcaudatus, Heterodera glycines and Paratrichodorus minor 
were unaffected. Exposure of soybean plants to SO2, however, 
enhanced the reproduction of Pratylenchus penetrans. V/hen 
begonia p lan ts were exposed to the po l lu tan t s s ingly or in 
combination and inoculated with Aphlenechoides fragariae (a 
f o l i a r nematode) fo l i a r injury of begonia by O3 and O3-SO2 
inhibi ted the nematode. In the leaves of A. f ragar iae , the 
suppressive effect was grea te r when pre-exposed to O3 or O3-SO2 
mixture before, ra ther than a f t e r nematode inoculat ion, Wien 
soybean p lan ts and leaves of begonia infested with the nematode 
were exposed, the growth was inhibi ted by O3 and the O3-SO2 
mixture compared with control inoculated with the nematode in 
charcoal f i l t e r e d a i r . Modulation in soybean p lants inoculated 
with B. lon.£;:icaudatu5 and P. minor was a lso suppressed by O3 
and O3-SO2 mixtures. The nodulation was extensively inhibi ted 
in soybean by H. g lycines . 
An experiment was conducted by Shew _e^ a_l. (198?) to 
understand the in te rac t ion of P. penetrans and O3 and 3O2 on 
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tomato, They exposed tomato cv. 'wa i t e r ' p lan t inoculated and 
uninoculated with 400 lain^ae of P. penetrans to 0.4 UL O3/I of 
' a i r , 0.2 Ml O3/1, 0.2 W-l SOj/l , 0.8 Ml SO2/1 singly or in combi-
nation for 3 h. Synergist ic in t e rac t ion was observed a t 0.2 Ml 
O3/I, 0.2 Ml SO2/I singly and in combination. But antagonis t ic 
in te rac t ion was observed in a mixture of 0,? Ml O3 and 0,8 Ml 
SO2/I of a i r . Bisessar and Palmer (1984) studied the effect 
of 03 on Meloidogyne hapla. They transplanted seedlings of 
tobacco cv. Virginia-115 inoculated and uninoculated with roo t -
knot nematode larvae (M. hapla) in the f i e ld , where 0^ concen-
t r a t i o n was 80 ppb. Some seedlings were a lso sprayed with an 
an t i - ox i t an t (EDUG aethylenedi-urea) . Ambient O3 inhibi ted 
growth and yield of tobacco regardless of inoculat ion or non- , 
inoculation with M. hapla. Tobacco inoculated with the nematode, 
however, suffered more O3 injury than uninoculated. There were 
20% less ga l l ing in inoculated p lants sprayed with EDU than non-
sprayed Shriner (1978), however, recorded decrease in root 
infect ion and reproduction of M. hapla infect ing red kidney 
beans in f ie ld condit ions, t rea ted three times weekly with 
stimulnted acid ra in a t pH 6.0 or j>.2. 
Khan (1989) reported tha t SO2-O3 mixture a t d i f fe ren t 
concentrations and M. incognita race 1 on tomato, i t was 
observed tha t SOj and 0^ (both p a r t i c u l a r l y a t 0.2 ppm) and 
M. incognita, act ing alone s ign i f i can t ly reduced plant growth 
and yield parameters and leaf pigment content of tomato, SO2 
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(0.2 ppm) and O3 (o,1, 0.2 ppm) mixtures acted synergistically 
and caused greater reductions than the sum of their individual 
effects. 3O2 and O3 also individually with the nematode acted 
synergistically and caused greater reduction in growth and 
yield parameters thnn the reductions recorded in nematode inocu-
lated unexposed plants or uninoculated exposed plants. Synergistic 
reductions in growth of nematode (i.e. M. incognita Race 1 ) 
inoculated plants exposed to SOj + 0^ at 0.2 + 0.2 ppm and 0.2 + 
0.1 ppm were also noticed. Fruit count was synergistically 
reduced by SOp+O^ (at 0.2 ppm each) + nematode. 
Singh (1989) observed that juvenile hatching of 
M. incognita and M. javanica was suppressed by SO2, Ox and 
SO2-O3 exposures. The higher concentration of pollutants were 
more suppressive than their lower concentrations. 0^ was more 
suppressive than SO2. The effect of the mixture of the pollutant 
was greater than their inciividual effects. M. Incognita was 
apparently more sensitive than M. .lavanica in this respect. 
Khan (l989) reported that soil of K^  (l km away from the 
thermal power plajit, Kasimpur), which was black in colour due 
to excessive accumulation of flyash, significantly increased all 
growth and yield parameters and leaf pigments of tomato both in 
uninoculated and nematode inoculated plants. In this soil, 
disease intensity and ingress of juveniles and the reproduction 
of Meloidogyne Incognita Race 1 were significantly decrease<i. 
Conversely, in K2 soil (2 km away from the thermal power plant, 
Kasimpur), significant reductions in growth, yield and pigment 
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content and increase in disease in tens i ty and ingress of juveni les 
and reproduction by the nematode occured. Nematode acted nega-
t i ve ly in K-1 s o i l and pos i t ive ly in K2 s o i l leading to an tagonis t ic 
and synerg is t ic effects on tomato p lant respec t ive ly . Response of 
tomato and Meloidogyne incognita Race 1 to flyash amended s o i l s 
using di f ferent levels of flyash (10 to 100;^) was tes ted in a r t i -
f i c i a l treatment condit ion. Flyash a t a l l the levels favourably 
influenced.growth, y ie ld and leaf pigment content on tomato. 
This favourable effect was s ign i f i can t a t 50-90?^ flyash l eve l s , 
being maximum a t 70% and 80i>6. 
Singh (1989) reported tha t juvenile hatching of the roo t -
knot nematodes was suppressed by flyash in both the ambient and 
a r t i f i c i a l l y pol luted s o i l . The suppression was g rea te r for 
M* Incognita than M. javanica. A stepwise decrease occured in 
Juvenile hatching of M. incognita and M. javanica with the 
increasing l?vel of flyash in the amended s o i l and was t o t a l l y 
inhibi ted a t 80 and 90^ *^  flyash l eve l s , respec t ive ly . 
Khan (1989) reported tha t NH^  a t 0,? ppm caused grea te r 
reduction in pre- inocula t ion exposure. Synergis t ic in t e rac t ion 
between nematode and a i r po l lu tan t s were most consis tent in 
t reatments . In other modes of treatments, an tagonis t ic i n t e r ac -
t ions were a lso noticed in some parameters of tomato. Disease 
in tens i ty (number of g a l l s / r o o t ) was enhanced in exposed p l a n t s . 
Reproduction of the nematode (number of eggraasses/root) was. 
however, inh ib i ted . v^"'" 
5'^  
• * - ' • * • • » — 
'^* 
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Khan (1989) reported that M. incognita Race 1 and simulated 
acid rain at pK 3.2 singly reduced growth, yield and leaf pigment 
content of tomato significantly. Synergistic interaction of 
nematode and acid rain was noticed and they together caused 
greater reduction than the sum of reductions induced by each, 
in post inoculation exposure at pH 3.2 and in pre-inoculation 
exposure at pH 5.6. The disease intensity and root penetration 
and reproduction of M. incognita Race 1 were significantly 
increased in all modes of treatments at pH 6.6, however, at 
pH 3.2 significant decreases were recorded. 
Singh (1989) reported that juvenile hatching of M. incognita 
and M. .iavanica was adversely affected by the acidity of the 
media and decreased with the increasing acidity. The suppresion 
In Juvenile hatching of M. incoi^ nita was greater than M. javanica 
at pH 6 but from pH 5 onv;ardsin acidic range the suppression in 
juvenile hatching of M. javanica was more than M. incognita. 
MATEaiAl^ AND METHODS 
R a i s i n g and m a i n t e n a n c e of r o o t - k n o t nematodes u n d e r c o n t r o l l e d 
c o n d i t i o n s 
F i e l d p o p u l a t i o n s of r o o t - l c n o t nematodes w i l l be ma in -
t a i n e d on t o m a t o , L y c o p e r s i c o n e s c u l e n t u m M i l l ( cv . Pusa Ruby) 
o r egg p l a n t , Solanum melongena L, (cv . Pusa K r a n t i ) i n g l a s s h o u s e 
by i n o c u l a t i n g t h e s e e d l i n g s grown i n p o t s c o n t a i n i n g a u t o c l a v e d 
s o i l , wi th egg masses c o l l e c t e d from t h e f i e l d s . S i n g l e egg 
mass p o p u l a t i o n w i l l be e s t a b l i s h e d from t h e f i e l d p o p u l a t i o n s of 
t h e n e m a t o d e s . 
S i n g l e egg mass c u l t u r e 
I n o r d e r t o make s i n g l e egg mass c u l t u r e s of t h e f i e l d 
p o p u l a t i o n s m a i n t a i n e d i n g l a s s h o u s e , s i n g l e egg mass i n o c u l a t i o n 
w i l l be made i n p o t s a round t h e r o o t s of young t o m a t o o r e g g p l a n t 
s e e d l i n g s f o r each m a i n t a i n e d p o p u l a t i o n s e p a r a t e l y . S u b c u l t u r i n g 
w i l l be done a p p r o x i m a t e l y e v e r y ? t o 3 months by i n o c u l a t i n g 
t oma to o r e g g p l a n t s e e d l i n g s with a t l e a s t 15 egg m a s s e s , each 
o b t a i n e d from t h e s i n g l e egg mass c u l t u r e i n o r d e r t o m a i n t a i n 
s u f f i c i e n t inoculum f o r f u r t h e r s t u d i e s . 
P r e p a r a t i o n of Inoculum 
i-'or conduct ing ; o x p e r i m e n t s wi th r o o t - k n o t n e m a t o d e s , 
i n o c u l a t i o n s of p l a n t s w i l l be done by second s t a g e j u v e n i l e s { J 2 ) . 
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Second stage juveniles wil l be obtained by incubating egg masses 
col lected from roots of tomato or egg plant maintaining single 
eggmass cul ture of the root-knot nematode species in s t e r i l i z e d 
water a t 25°G. After 72 h, number of the hatched juveniles (J2) 
per ml wil l be standarized by counting ten samples of 1 ml each 
and the average number wil l be used to represent the number of 
juveniles per ml. 
Identification of species and races 
The s ingle egg mass cul tures of root-knot nematodes 
maintained in the [glasshouse wi l l be ident i f ied for species and 
races . fhe cha rac t e r i s t i c s of per inea l pa t te rns of the females 
and North Carolina Most Dif ferent ia l Tests wi l l be used for the 
i den t i f i c a t i ons . Ten to twenty per inea l pa t te rns from each 
single egg mass population wi l l be prepared and t h e i r charac-
t e r i s t i c s wi l l be examined microscopically in order to identify 
the species (liisenback £ t aj.* » '1981). 
North Carolina d i f f e r e n t i a l host t e s t (Taylor and Sasser, 
1978; Hartman and 3asser, 198^) wi l l be carr ied out to ident i fy 
the species and races of Meloidogyne populations maintained in 
glasshouse, oeedlings of tomato cv. ftutgers, tobacco cv. NC95, 
Pepper cv. California wonder, Peanut cv. Florrunner, watermelon 
cv. Carleston Grey and cotton cv. Deltapine 61 wi l l be grown in 
clay pots (one seedl ing/pot j having s t e r i l i s e d s o i l in t r i p l i c a t e , 
Two addi t iona l r ep l i ca tes of tom-tto would be included to 
determine the time of termination of the t e s t . 
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After determining the number of juveniles {J2) per ml, 
plants in each pot will be inoculated with 5,000 J2. Juveniles 
will be added to a depression made in the soil at the time of 
transplanting. Inoculated plants will be kept at glasshouse 
benches (27-30°C). Fifty to sixty days after inoculations, roots 
will be harvested and thoroughly washed with tap water and 
examined for the presence of galls. Roots with very light 
infection will be stained with phloxine B to determine the number 
of eggmasses. Galls and egg mass will be counted and GI and 3MI 
will rated on 0-5 scale. 
0 = 0, 2 = 1-2, 2 = 3-10, 3 = 11-30, 4 = 31-100 and 
_5 greater than 100 galls or eggmasses per root system 
(Taylor and Sasser, 1978). 
After the rating of root system, results will be compared 
with the differential host test reaction chart (Table 10). This 
would confirm the identity of the species determined by perineal 
pattern method and would identify the races. 
Exposure chambers 
Air pollutant exposure chambers (Standard Appliances, 
Varanasi) will be used for the exposure of the plants (soybean, 
pea) to a mixture of air and air pollutant. The front of air 
pollutant exposure clianiber has a full size door, and an exhaust 
duct at the top to carry out the air/gaseous mixture. The 
bottom of the chan.ber is double walled and upper side has openings 
and the lower side is equipped with a special type of blower 
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assembly. A fumigat ion c o n t r o l l e r r e g u l a t e s the vo l t age supply 
t o blower which i s d i sp layed on a pane l meter . The p l a n t s of 
t r e a t m e n t s in p o t s w i l l be kept in the exposure chamber and w i l l 
be exposed for a d e s i r a b l e length of t ime . 
Gas g e n e r a t i o n 
SO2 w i l l be genera ted i n a g e n e r a t o r which produces SO2 
gas by the a c t i o n of s u l p h u r i c ac id (H2SO4) on sodium s u l p h i t e 
(Na2SO_5} under c o n t r o l r e a c t i o n c o n d i t i o n s . The amount of 
Na2S03 and H2SO4 ac id d ischarged from the r eagen t b o t t l e s mounted 
over the oOp generator ' w i l l be determined by c o l l e c t i n g the 
s o l u t i o n dropping through c a p i l l a r y tube in a graduated c y l i n d e r 
for some time and express ing the r a t e in ml/min on the b a s i s of 
flow r a t e or s o l u t i o n feeding r a t e , s o l u t i o n of sodium s u l p h i t e 
(^apSO-z^) and s u l p h u r i c ac id (10%) w i l l be p repa red , t o produce 
r equ i r ed amount of 302 gas /min, on complete r e a c t i o n 1M Na2S03 
produces 1M SO2 or 1?5 mg Na2S03 produces 6A rag SO2. 
NapSOi + H2SO/, — >.S02 + Na2S04 + H2O 
']0% H2SO4 s o l u t i o n w i l l be used for a l l the working s o l u t i o n s 
of Na2S0^. 
Ozone w i l l oe genera ted by s u b j e c t i n g dry oxygen to .the 
a c t i o n of s i l e n t e l e c t r i c d i scha rge in an appa ra tus c a l l e d 
ozon i se r . 
3O2 > 205 
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Exposure and doses 
3-4 week old seedlings will be exposed to SO2, O3 and 
SO2-O3 at every alternate day for 3 h. This procedure will be 
continued for 75 days. The concentrations of the gases to be 
used for th' exposure will be 0,1 and 0.2 ppm for SO2 and O3, 
and 0.1 + 0.1, 0.1 + 0.2, 0.2 + 0.1 and 0.2 + 0.2 mixtures of 
SO2 - O3. 
Plant cultures 
Seedlings of soybean (Glycine max L. ) and pea (Pisum 
sativum L.) will be grown from surface sterilized seeds. Seeds 
in 
sterilized by mercuric chloride will be sown/15-cm diameter 
clay pots filled with autoclaved sandy loam field soil. Two-
week-old seedlings will be used in the experiment for inoculation 
treatments. 
Inoculation procedure 
Nematodes inoculation : The number of juveniles (J2) in the 
suspension will be standardized before inoculation of the seedlings 
in pots. The desired amount of suspension will be taken by 
micropippet controller and added near the roots into A^5 holes 
made around the seedlings. The holes will be covered with the 
soil after inoculation. The inoculum level (Pi) of 2000 J2 per 
pot is planned to be used. ?iowever, the exact Pi will be selected 
after conducting the pathogenicity of the nematode on pea and 
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soybean using 0, 10, 100, 1000, 2,000, 5,000, 10,000 J2 as Pi's, 
The Pi causing appreciable damage to plants would be finally-
selected for other experiments. 
For studies related to flyash, flyash would be collected 
from the vicinity of Ifesimpur Thermal Power Plant, The flyash 
will be mixed with field soil in the ratio of 25, 50, 70 and 
100?^ . Then this mixture will be autoclaved. 
The following will be the pattern of treatments for the 
experiments. 
Rhizobium inoculation 
Rhizobium inoculation will be done prior to seed sowing; 
commercial sugar and water will be added in the soil based culture 
with thorough mixing. The seeds of the test crops will be 
treated with this mixture followed by the drying in shade for 
about half an hour before sowing. 
For the gaseous air pollutants 
2>. Unexposed (controls) 
T1 = Plant 
T2 = P l an t + Rhizobium 
T5 = Plant + Nematode 
T4 = P l a n t + Nematode,+ Rhizobium 
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b . Exposed (SO?) 
T5 = P l a n t + SO2 
T6 = P l a n t + SO2 
T7 = P l a n t + SO2 
T8 = P l a n t + S02 
T9 = P l a n t + S02 
T10= P l a n t -»• SO2 
T11= P l a n t + SO2 
T12= P l a n t + S02 
( 0 , 1 ppm) 
( 0 . 1 ppm) + Rhizoblum 
( 0 . 1 ppm) + Nematode 
( 0 . 1 ppm) + Nematode + Rhlzobium 
( 0 . ? ppm) 
(0 .2 ppm) + Rhizoblum 
(0 .2 ppm) + Nematode 
(0 .2 ppm) + Nematode + Rhizoblum 
S i m i l a r t r e a t m e n t s w i l l be u sed f o r O3, The t r e a t m e n t s 
f o r SO2-O3 m i x t u r e w i l l be a s f o l l o w s : 
a . Unexposed 
T1 = P l a n t 
T2 = P l a n t + Rhlzobliam 
T3 = P l a n t + Nematode 
T4 = P l a n t + Nematode + Rhizoblum 
I 
= P l a n t + SOp ( 0 . 1 ppm) + O3 (0 .1 ppm) 
= P l a n t + SO2 ( 0 . 1 ppm) + O3 (0 .2 ppm) 
= P l a n t + SO2 (0 .2 ppm) + O3 (0 .1 ppm) 
= P l a n t + SO2 (0 .2 ppm) + 0% (0 .2 ppm) 
P l a n t + SOp (0 .1 ppm) + O3 (0 .1 ppm) + Rhizob 
b . Exposed 
T5a 
T5b 
T5c 
T5d 
T6a 
T6b 
lum 
= P l a n t + 302 (0 .1 ppm) + O3 (0 .2 ppm) + Rhizoblum 
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T6c = Plant + SO2 (0.2 ppm) + 0^ (0,1 ppm) + Rhlzoblum 
T6d = Plant + S02 (0.2 ppm) + O3 (0.2 ppm) + Rhlzoblum 
T7a = Plant + SOp (0.1 ppm) + O3 (O.I ppm) + Nematode 
T7b = Plant + SO2 (O.1 ppm) + O3 (0.2 ppm) + Nematode 
T7c = Plant + SO2 (0.2 ppm) + 03 (0.1 ppm) + Nematode 
T7d = Plant + SO2 (0.2 ppm) + O3 (0.2 ppm) + Nematode 
T8a = Plant + SO2 (0.1 ppm) + O3 (0.1 ppm) + Nematode + 
Rhlzoblum 
T8b = P l a n t •<• SO2 (0 .1 ppm) + O3 ( 0 . 2 ppm) + Nematode + 
Rhlzoblum 
T8c = P l a n t + SOj ( 0 . 2 ppm) + O3 ( 0 . 1 ppm) + Nematode + 
Rhlzoblum 
T8d = P l a n t + SO2 ( 0 . 2 ppm) + 0% ( 0 . 2 ppm) + Nematode + 
Rhlzoblum 
T r e a t m e n t s f o r t h e f l y a s h e x p e r i m e n t w i l l be a s f o l l o w s : 
a. Contro l 
T1 = P l a n t 
T2 = P l a n t + Rhlzoblum 
T:5 = P l a n t + Nerr-atode 
T4 = P l a n t + Nematode + t-thlzobium 
b . F l y a s h t r e a t m e n t s 
T5 = P l a n t + f l y a s h (25/6) 
T6 = P l a n t + f l y a s h (2 5^) -•• Rhlzoblum 
T7 = P l a n t + f l y a s h iP^^) + Nematode 
T8 = P l a n t + f l y a s h i23^) + Nematode + Khizoblum 
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T9 
T10 
T11 
T12 
T13 
T14 
T15 
T16 
T17 
T18 
T19 
T20 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
Plant 
Plant 
Plant 
Plant 
Plant 
Plant 
Plant 
Plant 
Plant 
Plant 
Plant 
Plant 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
flyash ( 
flyash ( 
flyash ( 
flyash ( 
flyash i 
flyash ( 
flyash ( 
flyash (' 
flyash ( 
flyash ( 
flyash ( 
flyash ( 
50%) 
50%) + Rhizoblum 
50%) + Nematode 
50%) ••• Nematode + Rhizoblum 
175'^ ) 
75%) + Rhizoblum 
75%) + Nematode 
75%) + Nematode + Rhizoblum 
100%) 
100%)+ Rhizoblum 
100%)+ Nematode 
100%)+ Nematode + Rhizoblum 
Each treatment will be replicated five times and pot 
will be arranged on glasshouse benches in a randomized complete 
block design. At the termination of experiments after 90 days 
(the exact period is to be determined later), the following 
parameters will be considered. 
Length of shoot and root 
Fresh and dry weights of shoot and root 
Number of flower.j/plant 
Number of pods/plant 
Weight of seeds 
Number of galls/root system 
Gall index (GI) 
Number of egg masses/root system 
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Egg mass index (EMi) 
Root population and soil population of nematodes 
Number of eggs per root system 
Reproduction factor (Rf) 
Fecundity (Number of eggs/egg mass) 
Morphometries of females 
Total number of nodules/plant 
Weight of nodules 
Total number of functional nodule/plant 
Chlorophyll content of leaves 
Carotenoid content of leaves 
Nitrogen content of leaves 
Protein content of seeds 
Oil content of seeds (soybean only). 
The methods for determining some of the above parameters 
are described in detail on the followin'; pages. The data will 
be subjected to analysis of variance (ANOVA) to determine 
significance and LSD will be calculated at P=0.05 and P=0.01 
to separate the means of replicates for significance. The Ducan's 
multiple range test may also be used to compare the signifi-
cance at P=0.05 bet'A/een the mean values of the treatments. 
Pollution symptoms 
Plants 'iurin.- the experimentation will be examined 
closely for detect in/- air pollution symptoms on plants. The 
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time of appeai^ ance of the symptoms will be noted. The symptoms 
will be characterized and their details will be noted and 
photographed. 
Nematode population : At termination of the experiments, roots 
of harvested plants will be washed under tap water and will be 
examined for the presence of galls. Number of galls per root 
be 
system will be counted. Roots will_^ lmmersed in an aquous 
solution of phloxin B (0.15 g/lit. tap water) for 15 minutes 
to stain th^ egg masses. Egg masses per root system will then 
be counted and GI and EMI inn ices will be determined on 0-5 
scale (Taylor and iasser, 1978). 
For e s t i m a t i n g roo t p o p u l a t i o n of nematodes ( J? , J3+J4, 
mature fem.ales) roo t from each r e p l i c a t e w i l l be weighed and 
cut i n t o p i ece s of 1 cm l eng th . One gram of roo t p i e c e s w i l l 
be s t a i ned with ac id fuch^in and l ac topheno l (Byrd e t ci 1. , 
1983). -^ 'he roo t p i eces w i l l be placed between two s l i d e s 
examined under s t e r e o s c o p i c microscope and numt.ers of J? , J3+J4 
w i l l be counted. Then the t o t a l number of J2 , J5+J4 for the 
whole roo t system of the r e p l i c a t e w i l l be c a l c u l a t e d . For 
count ing the numbers of females 1 gm of roo t p i e c e s w i l l be 
t r a n s f e r r e d in '^i HMO^  and incubated a t 25°C. Af ter 7? h r o o t 
p i eces w i l l be g e n t l v teased t o r e l e a s e the females . The 
number of femala^g of root w i l l be counted and t o t a l number of 
females fox' the whole root system w i l l be c a l c u l a t e d . The means 
of r e p l i c a t e s w i l l be c a l c u l a t e d . 
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The egg will be extracted from the roots of each treatment 
separately. For their extration chlorox method of Hussey and 
Barker (1973) will be used. Roots from a treatment will be cut 
into 1-2 cm pieces. One gram of the root pieces will be shaken 
vigorously (manually) in 200 ml of 1.0?^  NaOCl solution for 1 to 
4 minutes. Then NaOGl solution will be passed through a pOO mesh 
(75 cm) sieve, nested over a 500 mesh sieve to collect freed 
eggs. After this 500 mesh sieve with eg:^ s will be placed under a 
stream of cold water to remove residual NaOCl (rinse for several 
minutes ). The rinse remaining roots will be put under water to 
remove additional eggs and will be collected by sieving. The 
number of eggs will be then counted in a counting dish under the 
microscope. The total number of eggs will be calculated by 
multiplying the number will the fresh weight of the root in the 
treatment. 
Soil population (J2 + male) of the nematode will be 
estimated by modified Cobb's sieving and decanting technique 
(Southey, 1986). The total population of the nematode (Pf) 
will be determined by computing the soil population, root 
population and number of eggs and average will be determined. 
The reproduction factor (Rf) will be then calculated according 
Pf to the formula given by Oostenbrink (1966) Rf = -pj— where Pf 
represents the final population, Pi the initial population 
(inoculum level of juveniles J2). 
Fecundity; The num'jfr of eggs per egg mass is known as 
fecundity. It will be measured by shaking vigoursly 10 egg 
masses in 5.25';6 NaUCl solution. The eggs will be separated 
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from egg mass and collected over 500 mesh s ieve . From the sieve 
the eggs wil l be t ransferred into a beaker and 0.35?^ acid 
fuchsin (in 2^'A l a c t i c ac id) wi l l be added into 20 to 25 ml of 
suspension with boil ing for 1 minute, for s ta in ing the eg^s. 
After cooling the erff^ s wil l be counted and the eggs per eggmass 
wi l l be calculated to find out the fecundity, 
Morphometrical s tudies : For the morphometrical s tud ies , the 
mature females of root-knot nematodes wil l be excised from the 
infected roo t s . The excised females wil l be examined under the 
microscope and following parameters wi l l be taken into consi-
dera t ion : 
Length and v/idth of the body-
Length and width of the neck 
Length of the s t y l e t 
Height of median bulb 
Width of median bulb 
Root nodule bacter ia 
To as jess the inpact on root nodulation, number of t o t a l , 
functionaj and non-functional root nodules per plant/axperiments 
wi l l be counter. The pinkish healthy nodules wi l l be taken as 
functional and otl-.ers as non-functional. The v^eight of nodules 
wi l l a lso Le determined. 
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Isolation of Rhlzoblum 
A well formed healthy pinkish nodules on the top root 
from a washed root system will be carefully cut out with a 
portion of root attached to the nodule. The nodule will be 
surface sterilized for 5 minutes in 0."\% mercuric chloride ' 
and repeatedly washed with sterile water to remove the chemical. 
The nodule will then be washed in 70?^  ethyl alcohol for 3 minutes 
followed by more washing with sterile water (Ash and Allen, 1948). 
The nodule will then be crushed with sterile glass rod in a 
small aliquot of sterile water. This will be further diluted 
for obtaining clear and distinct colonies. Cango red yeast-
extract mannitol agar medium (CRYMA) will be used for isolation. 
The constituents of the medium are as follows: 
Kannitol 10.0 g 
K2HP0z^  0.5 g 
MgS04.7H2 0 0.? g 
NaCl 0,1 g 
Yeast extract 1.0 g 
Agar agar 20.0 g 
D. water 1000 ml 
Congo red ?.5 ml of i;J6 solution 
1 ml of the dilution will be added to each petriplate 
containing 15 nl of CrtYMA medium. The petriplates will be 
incubated at 30°C (_+?; for one week. Jistinct white, transluscent, 
glistening elevated colonies of Rhizobium developing on the 
medium will bo picked up and purified by reculturing. 
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P l a n t t e s t i n g methods (Rao, 1973) 
The a b i l i t y of the i s o l a t e t o produce nodules on pea or 
soybean w i l l be determined. Likewise the n i t r ogen f i x ing a b i l i t y 
of the nodules w i l l be determined. For a s c e r t a i n i n g these 
a b i l i t i e s p l a n t s w i l l be grown on agar s l a n t s con ta in ing n i t r o g e n 
f ree medium and r o o t s w i l l be inocu la ted with the i s o l a t e s . At 
r e g u l a r i n t e r v a l s , s eed l i ngs w i l l be f ixed in k% formal in and 
be examined mic roscop ica l l y for i n f e c t i o n t h r e a d s in roo t h a i r s 
and emei'^ence of nodule pr imordia on r o o t s . Depending on the 
e x t e n t of i n f e c t i o n , i s o l a t e s may be r a t e d for v i r u l e n c e . 
In ano the r s e t , the experiment w i l l be cont inued for 
s e v e r a l weeks and dry weight of the p l a n t s w i l l be determined. 
The dry weight of p l a n t i s p r o p o r t i o n a l t o i t s N con ten t 
(iindraann and Means, 1952). During the experiment the mois ture 
con ten t of the c u l t u r e tube w i l l be checked a t the r e g u l a r . 
i n t e r v a l s and the n u t r i e n t s o l u t i o n may be changed v;hen 
necessary : 
Ni t rogen f ree n u t r i e n t media - (Jensen, 1942 J 
CaKPOz, 1.0 g 
KpHPO^ 0.2 g 
Mg304.7H20 0.? g 
NaCl 0.2 g 
FeG13 0.1 g 
Agar agar 8.0 g 
Distilled water 1000 ml 
pH 6.8 
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Pure culture of Rhlzoblum 
Modified yeast extract mannitol agar (YMA) of the follov/-
ing composition will be used for pux-e culturing of Rhizobium; 
K2HPO4 0.5 g 
MgS04 7H2 0 0.2 g 
NaCl 0.1 g 
Mannitol 10.0 g 
Yeast extract 0.4 g 
Agar agar 15.0 g 
D. water 1000 ml 
pH 6.8-7.0 
The medium autoclaved at 15 lb p.s.i. (121°C) for 20 
minutes, will be poured in sterile petriplates. After solidi-
fication of the medium, the tested Rhizobium isolate will be 
inoculated in the plates in aseptic condition at laminar flow 
bench. After inoculation the petriplates will be kept at 30°C 
(±2) in an incubator. The colonies will grow in about 7 days. 
The culture can also be done in culture tubes containing YMA 
s la nt. 
Soil based culture 
For inoculating the plants in pots, the soil based culture 
of Rhizobium will be used for seed dressing prior to sowing. 
% 
For culturln;;; F^hizohlutTi in s o i l , the s o i l and compost in 
the r a t i o of 1:1 ^ i l J he use ' i . One k,'-^  of ; jo i l compost mixture 
v / i l l be autoclnved and trie pV w i l l be maintained a t 7 by mixing 
10 gm of CaC03. Ten g sugar (commercial) and 0 .5 gm K2HPO4 
w i l l be added in s o i l mix tu re . Then pure c u l t u r e of Rhizobium 
grown on YMA w i l l be mixed thoroughly t o the s o i l . i 'his mixture 
•^^  J^hizobium and s o i l compost w i l l be used for i n o c u l a t i n g thf 
seeds of p a r t i c u l a r pulse before sowing. 
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Plant analysis 
Chlorophyll, carotenoid and nitrogen contents of leaves 
and protein content of seeds; and oil content of seeds (soybean 
only) will be estimated. 
Estimation of chlorophyll and carotenoid contents 
Chlorophyll and carotenoid contents of leaf sam.ples 
collected from the treatments in glasshouse experiments will be 
estimated. For the estimation, 1 g of the interveinal region 
of the leaves will be ground in '^40 ml 80^ acetone with the 
help of mortar and pestle. The suspension will be decanted in 
buchner funnel having two Whatman paper No. 1. Then filteration 
will be done with the help of suction pump. The residue will 
be ground thrice adding with 30, 20 and 10 ml of aceton respec-
tively. The suspension will be decanted in buchner funnel and 
filtered in vaccum. At last mortar and pestle will be rinsed 
with 80'/o acetone, transferred in buchner funnel and filtered in 
vaccum. The filtrate will be transferred in 100 ml volumetric 
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flask and the volume will be made up to capacity. The transmi-
ttance will be read at 645, 663 and 652 nm at spectrophotometer, 
The chlorophyll a, b and total chlorophyll will be calculated 
accordingly by using optical density, (O.D. ) (by using % trans-
mitance) (Mackinney, 1941) 
Ghl. a in fresh tissue = 12.7 iO.D, ,655) x V 
lOOOxW 
G h l . b i n f r e s h t i s s u e = 2 2 . 9 (O. D. 6 4 5 ) - 4 . 6 8 (O.D. 6 6 3 ) x 
V 
1000 X W 
Total chlorphyll in fresh tissue 
= 20.2 (O.D, 645) + 8.02 (O.D. 663) x 
V 
1000 X W 
For carotenoids, optical density will be read at 480 and 
510 nm. The carotenoid contents will be calculated according 
to the formulae given by Maclachlan and Zalik (1963). 
Carotenoids = 7 . 6 X (O.D. 480 - 1 .49 (O.D. 5 1 0 ) 
d X 1 0 0 0 X W 
d = losngth of t h e l i g h t p a t h 
w = FresL weigh t of l e a f 
Estimation of N 
For e-'.tir..'^ t ion o'^ ;,, l e a f s ' iniplej w i l l be al. ^ j s t e d a s 
.-^iven be low: 
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Digest ion of l eaf samples 
Leaf samples frojr. ;j,lassbouse experiments w i l l be d iges t ed 
f i r s t according t o the fol lowing methods: 
100 mg of oven d r i ed l ea f powder w i l l be t r a n s f e r r e d 
in 50 ml k je ldh^ l f l a s k , then 2 ml of chemical ly pure H2SO4 
w i l l be added and f l a s k w i l l be heated on k j e l d h a l assembly for 
about 2 hours , t i l l the dense fumes have g iven-o f f and the 
con ten t s have turned b l ack . Then 0.5 ml of pure 30% Hp02 v / i l l 
be added a f t e r 15 minutes of c o o l i n g . Now hea t ing w i l l be 
done aga in t i l l the co lour i s changed i n t o l i g h t yel low. I t 
w i l l be heated aga in for 30 min and a f t e r which f l a s k w i l l be 
cooled for 10 min. for g e t t i n g the e x t r a c t c l e a r . i'hen 3-4 
drops of 30;-^  H2O2 w i l l be added dropwide followed by hea t ing 
for 15 r^in. Af te r t h a t d iges t ed m a t e r i a l w i l l be t r a n s f e r r e d 
in 100 ml vo lumet r ic f l a s k with 3-4 washing and the volume w i l l 
be made upto c a p a c i t y . This d iges t ed m a t e r i a l w i l l be used for 
e s t i m a t i n g N oi-esent in the l ea f (Linder, 1944; Lundegardt, 1951 ). 
Nitrogen 
I r ' ior to Cotiniating M con ten t p r e s e n t in the d iges t ed 
m a t e r i a l of leaf , st ; 'ndard curve w i l l be drawn by the fol lowing 
procedure : 
0.2 56 g of amronium su lp i ' " t e w i l l t e d i s so lved in 100 ml 
of s o l u t i o n , t^ -n C. ,, 0."', 0 . 5 , 0 .4 , 0 . 5 , 0 . 6 , 0 . 7 , 0 . 8 , 0 . 9 , 
1.0 rrl s o l u t i o n wi l l Le poured in 10 t e s t tuber, r?.-,rect ive l y . 
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The volume w i l l then be made up to 5 ml in each t e s t tube by-
adding d i s t i l l e d water . A. c o n t r o l w i l l a l s o be run s ide by s i d e . 
Af ter t h a t 0 .5 ml N e s s l e r ' s rea>!;ent w i l l be added fol lowed'by 
5 ml of d i s t i l l e d water . The % t r a n s m i t t a n c e w i l l be read a t 
5?5 nm from spec t rophotometer on developing yel low orange co lour 
a f t e r ha l f an hour, then a curve w i l l be drawn on graph between 
c o n c e n t r a t i o n and O.D. 
Es t imat ion 
10 ml of a l i q u o t (d iges ted l ea f m a t e r i a l ) w i l l be taken 
in 100 ml vo lumet r i c f l a s k and 2 ml 2 .5 N NaOH w i l l be added to 
n e u t r a l i z e tha excess amount of ac id p r e s e n t 1 ml of 10% sodium 
s i l i c a t e w i l l a l s o be added t o p reven t t u r b i d i t y . Then volume 
w i l l be made upto c a p a c i t y . 5 ml of a l i q u o t w i l l be taken in 
t h r e e t e s t tubes followed by a d u i t i o n of 0 .5 ml of N e s s l e r ' s 
r eagen t with shakings then 10 ml volume v; i l l be made by d i s t i l l e d 
water . Af ter wa i t ing for 5 min the jh t r a n s n i t t a n c e w i l l be read 
a t 5?5 nm. Then the O.D. w i l l help in readinj , the c o n c e n t r r t l o n 
from the s tandard cui^ve (Linder, 1944). 
Es t imat ion of p r o t e i n s 
•The p r o t e i n con ten t s of seeds w i l l be e s t ima ted by us ing 
the method given by Lowry et_ a_l. ^1951). 
Following reagent w i l l be prep«^rL.'d for e s t in ia t ing so lub l e 
and in so lub le p r o t e i n con ten t s of the s e e d s . 
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Reagent A. 2.% sodium carbonate in 0,1 N NaOH in 
r a t i o of 1 :1 . 
Reagent B. 0.5% GUSO4 in 1% sodium t a r t e r a t e in 
r a t i o of 1:?, 
Reagent C. 50 ml r eagen t A + 1 ml r eagen t B. 
(Alkaline GUSO4) 
fieagent D. 50 ml of 2% sodium carbona te + 1 ml r eagen t B. 
(Carbonate CuSO .^ s o l u . ) 
Reagent £. F o l l i n ' s r eagen t d i l u t e d t o make 1 N a c i d . 
(Diluted f o l l i n ' s r e a g e n t ) 
Standard curve 
Before a c t u a l e s t i m a t i o n a s tandard curve w i l l be 
prepared by d i s s o l v i n g 40 mg of egg albumin in 0.1 N NaOK s o l u t i o n . 
The volume w i l l be made upto 100 ml. From t h i s s o l u t i o n , 
a l i q u o t of 0.1 ml to 1 ml w i l l be taken in 10 t e s t t u b e s . 
Reagent A w i l l now be added t o the t e s t t u b e s . Af ter 10 min 
0 .5 ml reagen t '£. w i l l be added t o the t e s t t u b e s . The Ji t r a n s -
mi t t ance w i l l be read a t 770 nm and s tandard curve w i l l be 
drawn between 0. D. and c o n c e n t r a t i o n . 
Soluble p r o t e i n s 
50 mg ary powder of se.>ds w i l l bu -r-ound with 5 ml of 
double d i s t i l l e d water in mortar and p e s t l e . i'lien water e x t r a c t 
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will be decanted in centrifuge tube for centrifugation at 400 rpm 
for 10 min. Then supernatent will be collected in 50 ml volu-
metric flask and residue will be retained in centrifuge tube 
for estimating insoluble protein. After making the volume upto 
50 ml, 1 ml of water extract will be transferred in a 10 ml test 
tube followed by addition of 5 ml of reagent G. After mixing, 
solution will be left as such for 10 minutes. Then 5 ml of 
reagent iC will be added, and mixed immediately. The control 
will be run along v/ith experimental set. Percent transmittance 
will be read at 650 nm after half an hour. The corresponding 
protein content will be measured by using the standard curve. 
Insoluble protein 
The residue retained in the centrifuge tube v;ill be 
used for insoluble protein estimation. 5 ml of 5% trichloroacetic 
acid will be added to the residue with shaking. After half an 
hour it will be centrifuged at 4000 rpm to 10 min. The supernatent 
will be discarded. 5 ml of 1N NaOH wi]l be added in the residue 
with vigorous shaking. After half an hour it will be again 
centrifuged and supernatent will be collected in 50 m.l volumetric 
flask and volun.e will be made upto with IN r^ aOH. 
1 ml of this solution will be taken in test tube with 
5 ml of reagent D followed by mixing. After 10 min. 0.5 ml of 
reagent E will be ad^ ied with immediate mixing. IK NaOli will be 
used in control. Percent transmittance will bo craculated by 
using the standard curve. 
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Sstlmation of oil contents 
The oil will be extracted by the method described in 
A.O.A.G. (i960). Fifty ml of ethyl ether will be used for 
the extraction of oil from 10 g of dried seeds (70°G) and the 
extraction will be carried out for 8 h in soxhlet apparatus. 
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